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ABSTRACT 


Several  pastes  and  a  hot  melt  prepared  from  edible  components  were 
found  effective  binders  for  preparation  of  bars  from  any  combination 
of  dry  foods.  Effectiveness  of  these  edible  binders  was  demonstrated 
on  bars  prepared  from  different  types  and  compositions  of  food.  Bars 
remained  acceptable  after  storage  for  three  months  at  100  F.  and 
retained  adequate  resistance  to  impact  and  shear. 


viil 


SUMMARY 


We  developed  edible  V7et  adhesives  and  an  edible  hot  melt  adhe¬ 
sive  during  the  program.  These  adhdsives  were  capable  of  binding  any 
combination  of  solid  food  components '^into  blocks.  The  characteristics  of 
food  blocks  produced  with  the  edible  binders  were  demonstrated  both  on 
test  blocks  and  on  prototype  food  blocks.  In  addition^  six  different 
types  of  food  blocks^  most  of  which  met  the  requirements  of  the  contract^ 
were  fabricated  with  the  edible  binders  and  shipped  to  the  sponsor  for 
evaluation. 

Representative  formulas  of  the  edible  binders  are  presented 
in  the  following  table . 


COMPOSITIOW  OF  EDIBLE  BINDERS 


Wet  Adhesive  (^) 

Hot  Melt 

Ingredient 

1  2 

3 

4 

Adhesive  (^) 

Dry  egg  albumen 

50 

Dry  nonfat  milk  solids 

36 

50 

Sodium  caseinate 

40 

Lactose 

10 

Pregelatinized  cornstarch 

4 

Swift  Centura  gelatin 

31 

Soluble  carbohydrate  (cerelose) 

31 

Water 

50  50 

60 

50 

38 

The  basic  test  formula  used  for  evaluation  of  the  edible  bind¬ 
ers  consisted  of  50  per-cent  pre fried  bacon^  30  per-cent  precooked  rice^ 
and' 20  per-cent  dry  nonfat  milk  solids.  These  ingredients  were  formed 
into  large  (3  x  l-l/2  x  l/2  in.)  or  small  (l-l/4  x  l-l/4  xi/.2  in.)  test 
blocks  for  binder  evaluation. 

A  thick  paste  consisting  of  one  part  dry  nonfat  milk  solids 
and  one  part  water  adhered  firmly  to  both  the  bacon  and  the  rice .  The 
use-of  this  adhesive  became  the  basis  for  the  wet  binder  method,  A 
large  number  of  formulations  and  processing  techniques  were  investi¬ 
gated  in  an  attempt  to  improve  the  adhesive  characteristics  of  the  wet 
binder . 


1 


Pretrea.tment  of  the  ground  rice  hy  steeping  with  bacon  or  by 
sizing  with  adhesive  slightly  increased  the  strength  of  the  test  blocks o 
Test  blocks  were  also  improved  by  forming  blocks  immediately  after  add¬ 
ing  the  binder  to  the  bacon  and  riceo  A  distinct  improvement  in  the  re¬ 
sistance  pf  high  moisture  blocks  made  with  milk  binder  was  produced  by 
aging  for  10  days  at  room  temperature. 

r 

A  mixture  of  sodim  caseinate  (40  per—cent)^  lactose  (lO  per¬ 
cent),  and  Water  (50  per— cent )  also  showed  promise  as  a  binder.  Its  use 
was  discontinued  because  it  required  excessive  drying  time.  A  mixture  of 
dry  nonfat  milk  solids  (36  per-cent),  pregelatinized  cornstarch  (4  per¬ 
cent),  and  water  (60  per— cent)  increased  the  strength  of  test  blocks  at 
high  moisture  levels.  However,  this  latter  composition  requires  an  ad¬ 
ditional  10  per-cent  water  in  the  binder  formulation. 

A  mixture  of  50  per-cent  dry  egg  albumen  and  50  per-cent-  water 
was  selected  for  production  of  prototype  blocks  shipped  to  the  sponsor. 

The  selection  of  egg  albumen  for  the  wet  binder  was  based  on  its  availa¬ 
bility,  ease  of  preparation,  binding  characteristics,  nutritional  ade¬ 
quacy,  stability,  and  favorable  physical  and  organoleptic  characteris¬ 
tics  it  imparted  to  the  food  blocks. 

Pretreatment  of  the  bacon  by  dusting  or  coating  with  sorbitol, 
ground  rice,  wheat  gluten,  wheat  flour  or  Frodex,  followed  by  conventional 
tableting  methods,  permitted  increased  tableting  pressures  but  failed  to 
yield  acceptable  blocks . 

Edible  hot  melt  binders  with  very  high  adhesive  strength  and 
containing  aa  little  as  33  per-cent  moisture  were  prepared  by  mixing  31 
per— cent  Swift  Centura  gelatin  with  31  per— cent  soluble  carbohydrate 
such  as  cerelose,  Frodex  or  sorbitol,  and  38  per-cent  water.  Since  the 
drying  process  could  be  shortened  and  blocks  could  be  made  more  econom¬ 
ically,  the  application  of  hot  melted  adhesives  was  investigated  as  a 
promising  alternate  to  the  use  of  wet  adhesives .  _  The  melts  were  applied 
at  temperalures  around  120°F,  and  very  strong,  although  slightly  elastic, 
blocks  were  obtained  after  they  cooled  to  room  temperature .  The  two  best 
methods  of  applying  -the  melts  to  the  ejq)erimental  test  block  formula  were 
either  to  mix* them  with  the  bacon  and  rice,  and  then  form  blocks  within  a 
few  seconds  before  the  melts  cooled,  or  to  pour  the  melts  over  preformed 
blocks  of  the  bacon  and  rice  in  such  a.  way  that  the  hollow  spaces  were 
filled . 
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Both  of  the  above  procedures  with  hot  melts  will  probably  lend 
themselves  well  to  rapid  continuous  block  formation.  Pouring  usually 
required  more  adhesives  than  hot  mixing.  The  amount  of  adhesive  was  de¬ 
pendent  on  the  percentage  of  voids  in  the  blocks^  and  the  maximum  vis¬ 
cosity  which  could  be  used  depended  on  the  fineness  of  the.  pore  struc¬ 
ture  o 


Using  the  wet  binder  method  with  egg  albumen  as  an  adhesive^ 
six  ration  formulas  were  developed  which.,  in  the  form  of  prototype  blocks  ^ 
met  the  analytical  requirements.,  had  good  palatability.,  could  be  bitten 
off  and  chewed;  and  either  met  all  of  the  requirements  for  strength;  or 
appeared  capable  of  meeting  these  requirements;  as  needed;  by  slight  ad¬ 
justment  of  the  formula.  These  included  three  meat  rations;  one  each 
made  with  bacon;  chicken  or  beef;  a  cereal  formula  containing  soybean 
meal  and  a  wheat  cracker;  as  well  as  a  peanut  and  a  coconut  dessert 
ration. 


The  prototype  blocks  were  stored  for  3  months  in  sealed  con¬ 
tainers  under  nitrogen  at  100°F.  With  the  exception  of  a  slight  harden¬ 
ing  in  the  coconut  formula  and  a  slight  increase  in  fragility  in  the. 
chicken;  changes  resulting  in  the  measured  physical  properties  were  neg¬ 
ligible,  The  acceptability  of  all  rations  remained  satisfactory.  Mod¬ 
erate  yellowing  and  the  slight  development  of  a  toasted  flavor  were 
general.  Fresh  samples  of  the  six  prototype  blocks  were  made  and  shipped 
to  the  sponsor  for  evaluation. 
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I„  UmODUCTION 


This  is  the  Final  Report  coveiing  "Development  of  Food  Bars 
Employing  Edible  Stimictirral  Agents^"  authorized  by  Contract  No.  DA  19-  ' 
129-GJM-1984  (OI  6071)  for  the  Quartermaster  Food  and  Container  Institute 
for  the  Armed  Forces. 

The  objective  of  the  program  was  to  develop  edible  agents  for 
binding  any  combination  of  food  components  into  acc^table  blocks. 

‘  Compressed  food  bars  are  often  logistically  advantageous  items 

for  military  feeding.  Many  food  components  acceptable  to  the  Armed 
Forces  are  cirrrently  available.  Ho^i?ever,  binding  certain  of  the'  individ¬ 
ual  items,  as  well  as  combinations  of  different  items,  into  acceptable 
blocks  still  presents  unsolved  problems.  These  problems  are  complicated 
by  many  factors.  These  Interrelated  factors  include  widely  divergent 
physical  and  chemical  characteristics  of  the  components.  For  example, 
food  items  differ  in  particle  size,  surface  characteristics,  fragility, 
moisture  content,  and  stability,  as  well  as  in  the  percentage  and  dis¬ 
tribution  of  nutritive  substances.  Therefore,  an  edible  binder  possess¬ 
ing  the  necessary  characteristics  required  to  bind  any  combination  of 
edible  food  substances  into  acceptable  blocks  is  needed. 

The  over-all  scope  of  the  program  included  not  only  development 
of  the  edible  binders,  but  also  demonstration  of  their  effectiveness 
when  challenged  by: 

1.  Moisture  contents  within  the  range  of  1  -  25  per-cent. 

I 

2.  A  maximum  concentration  of  1.5  per-cent  of  soluble  sub¬ 
stances. 

3.  A  temperat-ure  range  of  -65'’F  to  100 '’F. 

4.  A  constant  temperature  of  125°F  for  2  hr^l 

5.  By  exposure  to  three  freeze-thaw  cycles. 

The  structural  characteristics  of  food  blocks  produced  with  the 
edible  binders  were  demonstrated  with  a  test  block  consisting  of  50  per¬ 
cent  prefried  bacon,  30  per-cent  precooked  rice,  and  20  per-cent  dry  non¬ 
fat  milk  solids.  Representative  physical  data  on  the  test  block  Included 
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shear  strength^  impact  resistance^  breaking  strength  and  dimensional 
stability. 


Equilibrium  relative  himiidity  curves  were  determined  on  the 
binders  used  to  fabricate  the  bars  submitted  to  the  sponsor.  =» 

Application  of  the  edible  dried  egg  albumen  binding  agent  was 
demonstrated  by  fabrication  and  delivery  to  the  sponsor  of  six  different 
types  of  food  blocks^  most  of  which  met  the  requirements  of  the  contract. 


The  program  demonstrated  the  feasibility  of  both  a  wet  and  a 
hot  melt  adhesive  to  fabricate  food  blocks.  However,  subsequent  work 
will  be  required  before  the  technology  for  the  use  of  these  materials  is 
fully  developed. 

The  following  report  describes  the  development  of  the  wet 
binder  and  the  hot  melt  adhesive.  Formulation,  laboratory  procedures, 
efnd  development  of  prototype  bars  are  described  in  the  body  of  the  re¬ 
port.  Tables  and  figures  showing  test  results  are  in  the  Appendix. 


II.  EXPERIMENTAL 


A.  Development  of  a  Wet  Binder  Process  for  Forming  Test  Blocks 
of  Frefried  Bacon,  Precooked  Rice  and  Nonfat  Dry  Milk 


■  Experimental  test  blocks  consisted  of  prefried  bacon,  precooked 
rice,  and  nonfat  dry  milk  solids.  Each  material  represented,  from  a 
[physical  standpoint,  a  group  of  typical  foods  which  would  later  be  used 
in  preparing  prototype  blocks. 

Prefried  bacon  was  purchased  from  Oscar -Mayer  Company.  Pre¬ 
cooked  rice  and  nonfat  dry  milk  solids  were  procured  locally.  Names 
and  sources  of  all  food  materials  used  in  the  project  are  listed  in  the 
Appendix. 

V 

The  bacon,  rice  and  dry  milk  were  combined  in  a  basic  test 
block  formula  which  met  the  following  specifications;  Sodiimi  chloride  - 
at  least  1.5  per-cent,  20  -  30  per-cent  fat,  and  a  minimum  of  125  kg 
cal/oz.  The  test  block  formula  consisted  of  50  per-cent  fried  bacon. 
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30  per-cent  precooked  rice^  and  20  per-cent  nonfat  dry  milk  solids.  The 
calculated  analysis  was  9.5  per- cent  moisture,  22.3  per-cent  protein, 
27.8  per-cent  fat,  4.6  per-cent  ash,  and  0.1  per-cent  fiber.  For  pre¬ 
paring  test  and.  prototype  blocks,  the  bacon  was  either  ground  in  a  meat 
grinder  with  l/4  x  7/l6  in.  face  plate  holes,  or  cut  into  small  rectang¬ 
ular  pieces  with  scissors.  Grinding  produced  irregular  particles  with  a 
riiaxim'um  diameter  of  from  l/8  to  l/4  in.,  plus  a  mixture  of  finer  parti¬ 
cles.  The  rectangiilar  particles  cut  with  scissors  were  held  as  close  to 
a  3/8  x  3/8  in.  size  as  practicable.  The  precooked  rice  was  either  used 
unground,  or  was  ground  to  desired  particle  sizes  in  a  Labconco  labora¬ 
tory  mill. 


1.  Basic  Test  Formula  Without  Binder 

This  experiment  was  conducted  to  obtain  data  on  the  adhesive¬ 
ness  of  the  test  materials.  Ground  bacon,  coarsely  ground  rice,  and 
powdered  milk  were  mixed  in  the  basic  test  formula  proportions  and  tab- 
leted  in  a  steel  die  measuring  l-l/4  x  .1-  1/4  In.  A  description  of  this 
die,  subseq_uently  referred  to  as  the  small  die,  appears  in  the  Appendix 
Tinder  the  section  devoted  to  equipment.  A  10  g.  charge  of  the  formula 
was  used  for  each  block,  with  the  result  that  the  average  thickness  of 
the  blocks  was  I/2  in.  The  ingredient  mixture  was  held  for  1  hr.,  and 
the  blocks  were  then  compressed  by  means  of  a  Carver  laboratory  press. 
Bwell  times  of  1  -  3  and  15  sec.,  and  total  jack  pressures  of  from  500  to 
4,000  lb.  were  used. 

To  obtain  a  nTanerical  reference  indicating  the  strength  of  each 
block  prepared,  a  breaking  test  was  performed  with  a  modified  Warner- 
Bratzler  meat  tenderness  tester,  Tiie  results  were  recorded  as  breaking 
strength,  in  terms  of  the  maximTmi  pressTxre  required ^to  break  the  blocks. 

A  description  of  the  breaking  test  equipment  and  the  method  used  is 
given  in  the  Appendix. 

Table  I  sTimmarizes  the  relationship  between  applied  pressure, 
breaking  strength,  and  fat  loss  of  the  small  basic  test  formula  blocks 
compressed  without  binder.  The  formula  did  not  withstand  more  than  2,000 
lb,  total  jack  pressTire  without  excessive  extrusion  of  the  bacon  fat. 
Breaking  strength  figTires  ranging  from  approximately  1  -  2  lb.  corres¬ 
ponded  to  very  soft  blocks,  which  couJ..d  be  easily  crushed  in  the  fingers. 
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2 „  Wet  Adhesive,  Milk  and  Water 

Exploratory  tests  indicated  that  moistened  powdered  milk  would 
adhere  to  the  hacon  and  suggested  the  use  of  milk  and  water  as  a  binding 
material. 


The  moisture  level  of  the  dry  milk  was  raised  in  increments 
from  3.5  to  10.0  per-cent  moisture.  The  moistened  milk  was  mixed  with 
the  hacon  and  rice  according  to  the  test  block  formula^  and  after  holding 
for  about  1  hr.^  portions  representing  10  g.  of  the  original  material 
(not  Including  added  water)  were  weighed  out.  These  were  compressed  in 
the  small  die  at  pressures  varying  from  500  -  2^000  lb.  with  a  3-sec. 
dwell  time.  Breaking  strengths  were  immediately  determined.  All  blocks 
showed  breaking  strengths  under  2  lb.  No  benefit  was  obtained  from  added 
water . 

The  above  procedure  was  then  modified  by  increasing  the  moisture 
level  of  the  milk  in  increments  ranging  from  6.5  -  50  per-cent.  Carver 
press  pressures  ranging  from  500  -  2_,000  lb.  were  applied.  Dwell  time 
was  approximately  3  sec .  Whereas  the  previous  blocks  had  ,'been  tested 
for  breaking  strength  without  drying;,  those  in  this  experiment  were  dried 
to  approximately  the  original  weight  before  determining  breaking  strength. 
Drying  was  carried  out  in  a  Despatch  circulating  hot  air  oven  at  a  temper¬ 
ature  of  lOO’F.  Breaking  strengths  of  about  2  lb.  were  obtained  with 
moisture-  levels  of  20  per-cent  and  lower  in  the  milk  binder.  When  adjusted 
to  30  and  40  per-cent  moisture,  the  milk  binder  became  granular.  The  re¬ 
sultant  blocks  had  lower  breaking  strengths  than  blocks  fabricated  with 
less  water  in  the  binder.  However,  when  the  milk  was  adjusted  to  50  per¬ 
cent  moisture,  a  paste-type  binder  composition  was  obtained  which  improved 
the  breaking  strength  of  the  finished  blocks.  Breaking  strengths  of  from 
4  -  10  lb.  were  obtained  on  the  latter  blocks.  In  further  experiments 
rice  and  bacon  were  bound  separately  with  a  binder  consisting  of  equal 
parts  of  nonfat  dry  milk  and  water.  In  the  first  of  these,  unground  pre¬ 
cooked  rice  was  mixed  with  the  binder  and  hand  formed  into  large  size 
(1-1/2  X  3  X  1/2  in.)  blocks.  The  large  die  used  to  form  the  blocks  is 
described  in  the  Appendix,  These  blocks,  after  drying,  were  strong  and 
very  hard.  Blocks  similarly  prepared  with  the  1;1  milk  binder  and  3/8  in. 
pieces  of  prefried  bacon  were  also  strong  and  hard  after  drying.  These  ' 
experiments  indicated  that  milk  pastes  containing  approximately  one  part 
dry  miUi  and  one  part  water  were  good  adhesives .  This  exploratory  work 
became  the  basis  for  the  wet  binder  method.  The  general  procedure  used 
in  the  wet  binder  method  was  to  mix  binder  paste  with  the  bacon  and  rice . 
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Blocks  of  the  mixture  were  then  hand  formed  into  molds,  removed  and  air- 
dried  at  temperatures  varying  from  100  to  120°P. 


3.  Effect  of  Pretreatment,  Ground  Rice 

The  effect  of  several  processing  variables  in  the  wet  binder 
rfiethod  was  studied.  The  binder  paste  in.  all  cases  was-  a  1;1  mixture  of 
dry  milk  and  water. 

The  effect  of  pretreatment  of  the  rice  was  studied.  The  rice 
■was  pretreated  as  follows;  1.  Wo  pretreatment.  2.  Adjusted  to  30  per¬ 
cent  moist-ure.  3.  Held  2  hr.  with  bacon  at  room  temperature.  4.  Held 
2  hr.  with  bacon  at  140°F.  5.  Mixed  by  hand  with  bacon  for  5  min. 

Ground  bacon  (l/4  x  1/4  in.),  coarsely  ground  rice  (16  -  20  mesh),  and 
binder  were  made  up  according  to  the  basic  test  block  formula  and  mixed 
without  mashing  for  about  2  min.  Ti^elve  gram  portions  of  the  mixture, 
equivalent  to  about  10  g.  of  the  original  dry  materials,  were  worked  by 
hand  into  the  small  die,  which  was  used  as  a  mold.  The  formed  blocks 
were  removed  from  the  mold  and  dried  for  16  hr.  at  100 °F.  This  drying 
removed  the  water  added  in  the  binder.  The  blocks  were  tested  for  break¬ 
ing  strength.  They  were  also  tested  for  shattering  by  being  dropped  from 
a  height  of  10  ft.  to  a  concrete  floor,  as  described  in  the  Appendix 
under  "Drop  Test." 

The  results  are  presented  in  Table  II.  The  blocks  made  with 
■untreated  rice  showed  a  breaking  strength  of  from  4-6  lb.,  which  was 
increased  to  a  range  of  7  -  9  lb.  when  the  rice  was  adjusted  to  30  per¬ 
cent  moisture.  Breaking  strength  was  further  increased  to  a  range  of 
7  -  12  lb.  when  the  rice  was  soaked  with  the  bacon  fat.  Blocks  made  with 
the  rice  soaked  in  this  way  did  not  break  when  dropped  from  10  ft . ,  where' 
as  three  blocks  out  of  five  broke  when  the  rice  was  untreated.  Soaking 
the  rice  in  bacon  fat  strengthened  the  blocks.  Table  II  also  shows  no 
advantage  was  obtained  from  increasing  the  steeping  tenroerat'ure  from  room 
to  140 °F, 


4.  Effect  of  Pretreatment,  Whole  Rice 

The  procedures  used  in  the  round  rice  study  were  modified  by 
using  s/s  in.  bacon  pieces  and  unground  rice.  The  results  are  shown  in 
Table  III. 
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The  breaking  strength  of  blocks  made  with  the  pretreated  rice 
was  higher  than  with  untreated,  A  breaking  strength  of  more  than  18  lb. 
was  obtained^  and  the  blocks  appeared  to  be  thoroughly  consolidated. 

The  blocks  were  easily  bitten  off  and  chev/ed^  and  they  had 'a  bacon' flavor . 

5 .  Effect  of  Sizing  Rice 


The  effect  of  sizing  the  rice  with  adhesive  was  tested.  In 
these  experiments j  both  large  and  small  blocks  were  made.  Gontrol  blocks 
were  made  by  mixing  1:1  milk  binder  with  the  bacon  and  rice^  without 
treatment  of  the  rice.  .  The  three  components  were  mixed  and  formed  into 
blocks  in  the  steel  die  by  pressing  the  mixture  in  by  hand.  The  blocks 
were  removed  and  dried  at  100°F.  Rice  in  the  experimental  blocks  was 
Sized  with  a  small  quantity  of  extra  milk.  The  extra  milk  was  made  up 
in  a  solution  containing  one  part  dry  milk  plus  two  parts  water.  The 
rice  was  mixed  in  this  solution  for  2  min.,  held  for  10  min.,  remixed, 
removed,  and  air  dried  at  room  temperature.  Preparation  of  the  blocks 
was  then  completed  in  the  same  manner  as  with  the  controls ,  The  hardness 
and  smoothness  of  the  blocks  were  Increased  by  sizing  the  rice. 

The  physical  characteristics  of  the  smaller  blocks  closely 
reflected  those  of  the  larger  ones,  A  small  block  with  a  breaking 
strength  of  more  than  about  10  or  12  lb.  did  not  break  when  dropped  op 
the  floor  from  a  10- ft.  height.  In  general,  the  large  blocks  would  pass 
the  10- ft.  drop  test  whenever  the  smaller  blocks  would  pass  it.  On  this 
basis,  the  correlation  in  the  physical  properties ,  betv/een  the  large  and 
small  blocks  appeared  sufficient  so  that  most  of  the  work  could  be  con¬ 
tinued  using  the  small  blocks , 


6 .  Effect  of  Holding  Time 


The  effect  of  holding  time  after  mixing  and  before  hand-mold¬ 
ing  the  basic  test  formula  was  examined.  Stronger  blocks  were  obtained 
when  the  mixed  ingredients  were  molded  within  15  min.,  rather  than  hold¬ 
ing  the  mixture  3  hr.  before  molding.  The  longer  holding  period  produced 
rougher  looking  blocks  with  lower  breaking  strength  than  blocks  formed 
after  the  short  holding  period. 
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7  o  Effect  of  Aging 


Blocks  made  under  the  basic  test  block  formula^  as  well  as  a 
number  of  variations  of  this  formula^  deformed  under  5  psi  pressure  at 
100°F  for  24  hr.  Vertical  shrinkage  or  lateral  expansion  in  excess  of 
10  per-cent  was  considered  excessive.  Preliminary  results  indicated  that 
aging  would  increase  the  resistance  to  deformation. 

To  test  this  possibility^  two  series  of  test  blocks  were  pre¬ 
pared.  One  series  used  a  1:1  mixture  of  dry  milk  and  water  as  a  binder. 
The  other  series  used  a  2:7  mixture  of  sodium  caseinate  aind  water  as  a 
binder.  Small  blocks  were  hand  formed  and  dried  to  20  -  25  per-cent 
moisture.  The  moisture  content^  breaking  strength,  and  100°  deformation 
was  determined  immediately  after  drying  on  representative  samples  of  the 
blocks .  Other  samples  of  the  blocks  were  wrapped  in  foil  immediately 
after  drying  and  stored  on  the  laboratory  bench  for  periods  of  up  to  14 
days.  Breaking  strength  and  deformation  tests  were  determined  after 
storage.  The  deformation  test  is  described  in  the  Appendix. 

The  results  are  summarized  in  Table  IV.  In  the  dry  milk  series, 
the  breaking  strength  Increased  steadily  up  to  a  period  of  10  days  of 
storage.  The  samples  then  became  extremely  moldy,  which  probably  ac¬ 
counted  for  a  slight  decline  in  the  breaking  strength.  After  aging  for 
3  days  or  more,  the  amount  of  deformation  decreased  to  less  than  half 
that  exhibited  by  the  unaged  samples.  In  the  sodium  caseinate  series  it 
was  not  possible  to  tell  whether  the  breaking  strength  was  improved  by 
aging.  The  test  blocks  were  very  plastic  and  did  not  break  when  com¬ 
pressed  on  the  breaking  strength  tester.  Deformation  was  slightly  in¬ 
creased  after  3  days  of  storage .  The  test  showed  that  aging  definitely 
Improved  the  strength  of  high  moisture  blocks  made  with  dry  milk,  but  was 
inconclusive  for  those  made  with  sodivmi  caseinate. 


8.  Additives  to  the  Nonfat  Milk  Solids  Binder 


Several  additives  and  replacements  for  the  milk  in  the  binder 
were  tested  in  order  to  produce  blocks  which  better  fulfilled  the  required 
specifications , 

a.  Instant  cornstarch;  One  of  the  most  extensively  tested 
replacements  for  milk  binder  was  instant  cornstarch  (National  78-1215). 

At  first,  25  per-cent  of  the  milk  in  the  basic  test  formula  was  replaced 
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with  this  starch o  Small  test  blocks  were  hand  formed  as  previously 
described^  using  ungromd  rice  which  had  been  steeped  for  2  hr.  at  room 
temperature  with  s/s  in.  bacon «  The  addition  of  starch  required  more 
water  in  the  binder  paste.  Therefore^  the  amount  of  water  used  for  mak¬ 
ing  the  binder  paste  was  doubled.  Instead  of  a  1:1  ratio^  a  1=2  ratio 
of  solid  to  water  was  used.  The  finished  blocks  had  a  lower  breaking 
strength  but  the  surface  was  smoother  than  that  of  blocks  bound  with 
straight  '^Ik; , 

Another  series  of  blocks  wa.s  prepared  with  a  binder  consist¬ 
ing  of  80  per-cent  dry  milli  and  20  per-cent  instant  cornstarch.  Binder 
pastes  were  made  up  with  from  20  -  50  g.  of  water/20  g,  of  dry  binder 
ingredients.  The  finished  blocks  were  dried  to  differing  'moisture  con¬ 
tents  at  100°F  and  breaking  strergth  values  were  determined.  Results 
are  shown  in  Table  V,  The  results  indicaked  that  starch  could  be  used 
in  the  milk  binder  when  the  binder  must  withstand  moisture  contents  as 
high  as  25  per-cent  in  the  blocks. 

Another  series  of  test  blocks  was  prepared  by  the  same  pro¬ 
cedure  ^  but  a  binder  consisting  of  90  pei^cent  nonfat  milk  solids  and 
10  per-cent  instant  cornstarch  was  used.  Batches  consisting  of  100  g, 
of  the  block  ingredients  were  made_,  using  from  20  -  40  g.  of  waker  for 
the  20  g,  of  binder  mixture.  The  blocks  were  dried  for  16  hr.  at  110 °F, 
Breaking  strength  and  10- ft,  drop  loss  were  determined  on  the  dried 
blocks.  The  results  are  reported  in  Table  VI,  Increased  breaking 
strength  and  decreased  10- ft,  drop  loss  were  shown  when  the  initial 
water  for  making  up  the  binder  paste  was  increased.  Higher  moisture 
levels  for  the  binder  paste  reduced  the  viscosity^  making  better  adhe¬ 
sion  possible. 

The  effect  of  flnak  moisture  in  test  blocks  ma.de  with  10  per¬ 
cent  instant  starch  binder  was  checked.  All  blocks  were  'majde  with  a  bindei: 
paste  consisting  of  20  g,  of  dry  binder  Ingredients  and  30  g,  of  water  and 
were  dried  to  differing  moisture  levels,  Ihe  physical  data  obtained  on 
these  blocks  are  shown  in  Table  '^711  „  The  breaking  strength  of  the  blocks 
approached  the  satisfantory  figure  of  10  lb,  at  a  final  block  moisture 
value  of  25  per— cent ^  and  increased  to  15  lb,  in  the  drier  blocks. 

Later an  attempt  was  made  to  shorten  the  drying  time  fox  the 
starch  binder  blocks  by  raising  the  drying  temperature  to  160°F,  A 
series  of  small  test  blocks  was  prepar-ed  using  30  g ,  of  water  to  20  g, 
of  dry  binder  mixture.  The  blocks  were  dried  16  hr.  at  160°F, 
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These  blocks  had  an  average  moisture  content  of  10.3  per-cent 
-.and  an  average  breaking  strength  of  22  Ib.^  which  was  very  high.  The 
10-ft.  drop  loss  averaged  1.8  per  cent.  Althoiagh  the  efficiency  of  dry¬ 
ing  was  increased  by  raising  the  drying  temperature,  the  blocks  browned 
slightly  due  to  the  heat . 

The  value  of  starch  in  iit^irovlng  the  resistance  of  the  binder 
to  high  moisture  was  established  in  the  above  experiments .  However,  the 
slow  drying  characteristic  imparted  by  this  type  binder  was  felt  to  be 
undesirable . 


b.  Cerelose :  Cerelose  was  tested  as  a  replacement  for  milk. 
The  cerelose  was  Introduced  at  a  level  of  25  per-cent  of  the  binder 
solids.  The  binder  paste  was  made  by  the  addition  of  20  g.  of  water  to 
15  g.  of  nonfat  milk  solids  and  5  g.  of  cerelose.  The  test  blocks  were 
dried  16  hr.  at  100°F.  A  good  breaking  strength  of  12.2  lb.  was  obtained 
in  the  finished  blocks.  They  were,  however,  slightly  sticky. 

Cerelose  was  then  added  to  the  milk  in  the  binder  mixture 
rather  than  replacing  a  portion  of  the  milk.  The  same  general  procedure 
for  forming  blocks  was  used  as  before,  and  the  results  obtained  are  shown 
in  Table  VIII.  Cerelose  tended  to  raise  the  breaking  strength  of  the 
blocks  if  extra  water  was  added  along  with  it,  and,  in  most  cases,  blocks 
made  with  cerelose  showed  less  drop  .loss  than  those  m.ade  with  straight 
milk  binder. 

Cere.lose  was  then  added  on  a  direct  replacement  basis  for  the 
milk  at  levels  of  from  25  -  100  per— cent  of  the  total  binder.  A  1:1 
water  level  was  used  in  all  cases  and  the  previously  outlined  procedure 
was  followed.  The  results,  which  are  shown  in  Table  IX,  indicate  that 
whereas  small  percentages  of  cerelose  in  the  binder  had  strengthened  the 
blocks,  larger  percentages  produced  a  progressive  decrease  in  strength, 
with  a  corresponding  Increase  in  drop  loss.  Cerelose  decreased  the 
viscosity  of  the  binder  and  also  decreased  its  tendency  to  set  up  hard 
oh  drying.  All  blocks  were  dried  to  the  approximate  moisture  content 
of  the  ingredients,  not  including  the  added  water  in  the  binder  (9.5 
per-cent ),  but  it  was  believed  that  they  would  have  been  still  stronger, 
if  the  moisture  content  had  been  reduced  below  this  figure. 
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c.  Lecithin:  A  third  material  tested  at  a  25  per-cent  level 
was  lecithin.  The  same  procedure  was  used  as  with  the  sfarch  and 
■cerelose.  In  making  up  the  binder  paste^  15  g.  of  nonfat  dry  milk  and 
'20  g.  of 'water  were  mixed^  and  5  g.  of  lecithin  was  then  beaten  into 
•this  thick  paste.  The  blocks  obtained  with  this  binder  had  a  breaking 
strength  of  7.6  Ib.^  which  was  slightly  lower  ^than  that  for  a  straight 
■'milk  binder.  They  were  also  more  plastic  and  oily  than  with  the  straight 
milk  binder.  The  value  of  lecithin  was^  therefore,  demonstrated  in  cases 
where  excessive  hardness  must  be  avoided. 

d.  Gelatin;  Low  viscosity  gelatin  was  also  tested  at  a  25  per- 
cent  level  in  the  milk  binder.  Twenty  grams  of  water  were  required  for 

20  g.  of  the  dry  binder  ingredients,  and  the  binder  paste- was  applied  to 
the  blocks  while  warm.  The  finished  blocks  were  'unusually  firm  and  had 
a  high  breaking  strength  of  16.1  lb.  Gelatin,  therefore,  appeared  to  be 
'a  useful  binding  ingredient.  F'urther  ejiperiments  with  gelatin  hot  melts 
‘'are  described  in  a  later  section. 

e.  Raw  cornstarch  and  wheat  flour;  Several  unsuccessful 

attempts  to  improve  the  strength  of  the  test  blocks  were  tnade  by  incorpo¬ 
rating  raw  cornstarch  or  wheat  flour  and  cooking  after  the  blocks  were 
formed.  In  the  first  attempt,  the  binder  mixture  consisted  of  70  per¬ 
cent  nonfat  dry  milk,  10  per-cent  instant  cornstarch ■ and‘ 20  per  cent 
uncooked  cornstarch.  The  usual  procedure  for  making  up  the  blocks  was 
followed,  using  30  g.  of  water  for  each  20  g.  of  dry  binder  ingredients. 
The  formed  test  blocks  were  wrapped  in  foil  and  cooked  for  l/2  hr.  at 
130°F.  The  dried  blocks  showed  a  satisfactory  10-ft.  drop  test,  but 
their  resistance  to  deformation  was  no  greater  than  that  of  test  blocks 
made  with  straight  milk  binder.  V?— .—i 

In  a  second  exploratory  experiment,  the  above  experiment  was 
repeated,  using  wheat  flour  instead  of  raw  cornstarch.  Jbe  same  results 
were  obtained.  The  test  was  repeated  in  a  third,  exploratory  series  with 
a  binder  consisting  of  60  per— cent  dry  milk,  10  per-cent  instant  starch, 

20  per-cent  wheat  flo'ur  and  10  per-cent  low  viscosity  gelatin.  Again 
the  changed  formulation  of  the  binder  produced  no  improvement  in  resist¬ 
ance  of  the  blocks  to  deformation. 

In  a  fourth  series,  binder  mixt'ures  cdn't'ainlng  from  10  -  80 
per— cent  of  uncooked  cornstarch,  with  the  balance  mixture  as  no'n- 

fat  milk,  were  used  in  preparing  test  blocks  by  the  usual  proced'ure.  The 
blocks  were  wrapped  in  foil  and  cooked  for  l/2  hr.  at  .180'^F.  Examination 
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of  the  dried  hlocks  showed  that  those  made  with  10  per-cent  raw  starch 
hinder  were  stronger  and  tougher  than  controls  made  with  10  per-cent 
instant  starch,.  However ^  higher  levels  of  raw  starch  produced  test 
hlocks  which  were  progressively  weaker  than  the  controls^  and  at  the  80 
per-cent  raw  starch  level  the  hlocks  fell  apart. 

The  results  indicated  that,  although  resistance  to  deforma¬ 
tion  at  high  moisture  was  increased  hy  small  levels  of  instant  starch, 
cooking  higher  levels  of  raw  starch  in  the  hlocks  was  not  heneficial. 

The  above  series  was  repeated  essentially  as  before  with  the 
hlocks  dried  to  14  -  16  per-cent  and  8-12  per-cent  moisture.  The  re¬ 
sults  obtained  in  this  repeat  series  are  shown  in  Table  X,  Test  hlocks 
made  with  raw  starch  at  a  20  per-cent  level  in  the  hinder  showed  slightly 
less  deformation,  and  as  good  a  breaking  strength  as  a  control  made  with 
10  per-cent  instant  starch.  Higher  levels  of  raw  starch,  hov7ever,  had 
a  weakening  effect  on  the  hlocks. 

Further  tests  on  hinders  cooked  after  the  hlocks  were  formed 
were  run  with  wheat  flour.  The  wheat  flour  replaced  10  -  80  per-cent  of 
the  nonfat  dry  milk  in  the  basic  test  formula  hinders.  The  hlocks  were 
dried  in  two  moisture  levels,  and  were  tested  for  deformation  and  break¬ 
ing  strength.  As  shown  in  Table  XI,  none  of  the  hinders  containing  flour 
improved  the  strength  of  the  hlocks  at  either  of  the  moisture  levels  to 
which  they  were  dried.  Depending  upon  the  amount  of  flour  used  in  the 
hinder,  the  hlocks  were  either  elastic  and  rubbery,  or  were  crumbly  and 
fell  apart. 


To  test  the  effect  of  stiffer  flour  mixtures,  the  test  block 
formula  was  made  up  with  the  nonfat  dry  milk  completely  replaced  with 
flour.  For  the  20  g.  of  flour  used  for  the  formula,  levels  of  from  10  - 
30  g,  of  water  were  used  for  making  up  the  hinder  pastes.  The  bacon  and 
rice  were  mixed  with  the  pastes,  and  small  test  hlocks  were  formed  in  the 
usual  way.  The  hlocks  were  baked  for  40  min.  at  200°F  and  were  dried  to 
11  -  14  per-cent  moisture.  As  shown  in  Table  XII,  the  breaking  strengths 
were  less  than  those  usually  obtained  with  10  per-cent  instant  starch  and 
dry  milk.  The  deformation  values  were  also  greater.  The  thicker  doughs 
produced  slightly  stronger  hlocks  than  those  made  with  the  higher  levels 
of  water,  hut  even  the  best  hlocks  tended  to  he  rubbery  and  elastic, 
rather  than  hard  or  brittle  like  those  made  with  the  regular  hinder. 

The  idea  of  obtaining -strength  with  raw  starch  and  flour  hy 
cooking  them  in  the  finished  hlocks,  therefore,  did  not  appear  promising. 
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f  o  Sodium  caseinate;  Sodium  caseinate  was  tested  as  a  T3inder , 
The  test  block  formula  was  prepared  in  the  usual  way^  with  sodium  case¬ 
inate  entirely  replacing  the  nonfat  dry  milk.  The  binders  were  made  up 
with  from  30  -  60  g.  of  water  for  20  g.  of  sodium  caseinate.  An  addi¬ 
tional  series  was  made  with  a  binder  consisting  of  16  g.  of  sodium  case¬ 
inate  4  go  of  lactose^  and  50  go  of  water.  The  blocks  were  dried  for 
16  hr.  at  110“Fo  The  results  of  the  tests  performed  on  the  blocks  are 
shown  in  Table  XIII .  The  finished  blocks  were  very  strong^  but  were 
tougher  and  less  brittle  in  character  than  control  blocks  made  with  a 
milk-starch  binder.  The  breaking  strengths  were  all  higher  than  that  of 
the  control  blocks  and  they  tended  to  increase  with  the  level  of  water 
in  the  binder  and  in  the  finished  blocks .  The  sample  made  with  lactose 
was  harder  than  any  of  the  other  experimental  samples.  Lactose  was^ 
therefore^  believed  to  be  the  material  in  milk  which  contributed  to  the 
hard  and  brittle  character  of  blocks  made  with  a  milk  binder. 

A  second  sodium  caseinate  series  was  run  in  the  same  manner  as 
above,  except  that  slightly  higher  levels  of  water  were  used  in  the 
binder  pastes.  Drying  of  the  blocks  was  carried  further  than  previously. 
As  seen  in  Table  XIV,  the  sodium  caseinate  blocks  were  definitely  harder, 
and  less  elastic  than  the  control  after  this  more  thorough  drying.  Break¬ 
ing  strengths  were  greatly  increased  and  deformation  at  100°F  was  essen¬ 
tially  prevented. 

This  and  the  preceding  run  with  sodium  caseinate  showed  that 
the  protein  in  milk  was  the  active  adhesive  material,  but  that  carbo¬ 
hydrate  such  as  lactose  was  needed  to  contribute  hardness  at  higher 
moisture  levels . 

5°  Dried  egg  alb'umen;  An  additional  protein  binder,  spray- 
process  dried  egg  albumen,  was  evaluated.  Several  water  levels  for  the 
adhesive  paiste  were  used,  and  blocks  were  prepared  by  the  procedure  used 
above.  An  uncooked  series  was  made  by  drying  the  formed  blocks  at  110°F, 

A  cooked  series  was  prepared  in  which  all  samples  except  the  milit  control 
were  baked  for  20  min,  at  200°F  in  a  covered  pan.  The  results  of  these 
tests  are  shown  in  Table-  XV.  Albu'men  in  the  uncooked  series  showed 
slightly  lower  breaking  strengths,  but  definitely  less  deformation  than 
nonfat  milk.  The  results  in  the  cooked  series  showed  similar  deforma¬ 
tion  characteristics  but  higher  breaking  strengths  than  the  uncooked 
series . 
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As  both  sodiiom  caseinate  and  egg  albumen  were  shown  to  be 
stronger  binders  than  nonfat  mllk_,  Interesting  possibilities  were  demon¬ 
strated  for  protein  adhesives.  Egg  albumen  was  later  selected  as  the 
binder  for  preparation  of  the  prototype  blocks. 


B.  Preparation  of  Erefrled  Bacon,  Rice,  and  Milk  Test  Blocks 
by  Procedures  Other  Than  Wet  Binding 


1.  Conventional  Tabletlng  Method 

Several  possibilities  for  forming  blocks  other  than  the  use 
of  the  wet  binder  method  were  suggested  by  our  work.  One  of  these  was 
that  a  coating  of  dusting  material  might  make  it  possible  to ’Subject 
the  particles  of  bacon  to  the  pressures  of  conventional  tabletlng  with¬ 
out  excessive  loss  of  fat«  Another  possibility  was  to  coat  the  bacon 
with  an  adhesive  surface-hardening  agent.  Our  exploration  of  these 
approaches  Is  reported  below, 

a.  Dusting  the  bacon;  Prefried  bacon  in  both  the  ground 
(1/4  X  1/4  in. )  and  piece  (3/8  x  3/8  in. )  forms  was  mixed  with  flour 
at  the  rate  of  15  g/SO  g  of  bacon.  The  bacon  took  up  the  flour  a.lmost 
completely.  The  coated  bacon  was  mixed  with  10  g.  of  whole  instant 
rice^  15  g.  of  nonfat  milk  solids and  10  g.  of  medl-um  fine  ground 
crystalline  sorbitol.  The  completed  mixture  was  compressed  into  small 
size  blocks  at  total  jack  pressures  of  3^000  and  5,000  lb..  Fairly  well 
consolidated  blocks  showing  10-ft.  drop  losses  of  from  10  -  25  per-cent 
were  obtained.  The  breaking  strengths  were  only  1  -  2  lb.,  indicating 
very  weak  blocks . 

The  experiment  indicated  that  with  dusting,  considerably  more 
tabletlng  pressure  could  be  applied  than  when  using  nondusted  bacon. 

Attempts  were  made  to  learn  how  much  the  strength  of  test 
blocks  could  be  improved  by  dusting  the  bacon.  The  basic  test  block 
formula  was  modified  as  follows:  50  per-cent  prefried  bacon,  15  per¬ 
cent  unground  precooked  rice,  15  per-cent  dusting  material  and  20  per 
cent  nonfat  dry  milk  solids,  or  other  fine  ground  material.  Both  ground 
and  piece  forms  of  bacon  were  used.  The  bacon  was  mixed  with  the  dusting 
material  in  a  Hobart  mixer  for  30  sec,  at  low  speed.  The  binding  mate¬ 
rial  was  then  added  and  the  mixing  continued  for  another  30  sec.  Ten 
gram  portions  of  the  complete  mixture  were  then  compressed  into  small 
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test  blocks  using  a  minim'um  dwell  time  of  3-5  sec.  and  jack  pressures  of 
2^000  -  5^000  lb.  The  finished  blocks  were  tested  for  breaking  strengths 
and  drop  loss^  and  were  examined  for  relative  amounts  of  delamination. 

Table  XVI  shows  the  various  combinations  of  dusting  and  binding 
materials  which  were  used  and  the  tableting  pressures  which  were  applied. 
The  nondusted  control  formed  laminated  blocks  which  delaminated  easily. 
Delamination  was  definitely  decreased  in  many  of  the  preparations  made 
with  dusted  bacon.  In  the  control  there  was  excessive  fat  loss  under  a 
total  jack  pressure  of  2^000  lb.  Considerably  higher  pressures  could  be 
obtained  in  many  of  the  dusted  bacon  formulas .  Dusting  the  bacon  tended 
to  improve  the  breaking  strength  of  the  blocks .  The  use  of  dusting  and 
binding  materials  which  would  become  sticky  upon  the  addition  of  small 
quantities  of  water  was  superior  to  that  of  materials  of  a  dryer  type. 
None  of  the  blocks  approached  the  desired  specifications.  However^  the 
combinations  of  materials  tested  appeared  to  be  good  starting  points  for 
the  addition  of  small  quantities  of  moisture^  granular  or  other  specially 
shaped  particles^  or  for  the  tableting  of  a  partially  defatted  bacon. 

In  a  further  experiment  using  the  above  procedure^  fine,  ground 
Frodex  wets  used  as  a  dust  and  dry  nonfat  milk  solids  as  a  binder.  Blocks 
tableted  at  a  total  jack  pressure  of  2,000  lb.  showed  breaking  strengths 
of  8.1  and  5.1  lb.  for  the  ground  and  3/8  in.  bacon  pieces,  respectively. 
Drop  losses  for  the  two  types  of  bacon,  in  the  same  order,  were  2  and  4 
per  cent.  This  latter  combination  of  dusting  and  binding  materials  was, 
therefore,  one  of  the  better  ones  tested. 

b.  Coating  the  bacon;  A  promising  material  for  coating  the 
bacon  for  high  pressure  tableting  of  the  test  block  formula  was  a  70  per¬ 
cent  sorbitol  solution,  Sorbo. 

Fifty  grams  of  3/8  in,  bacon  and  20  g.  of  Sorbo  were  mixed  and 
the  coated  bacon  was  dried  for  2  hr,  at  100 '’F.  The  dried  pieces  of  bacon 
were  stiff,  but  plastic  and  sticky  after  standing  in  the  laboratory  for 
24  hr.  Fifty  grams  of  the  coaled  bacon  were  mixed  with  30  g..  of  whole 
precooked  rice,  18  g.  of  dry  nonfat  milk  and  2  g.  of  ground  crystalline 
sorbitol.  The  mixture  was  tableted  into  small  test  blocks. 

•  As  shown  in  Table  XVII,  the  blocks  had  breaking  strengths  rang¬ 
ing  from  2  -  9  lb.;  an  Improvement  over  test  blocks  made  with  either  un¬ 
treated  or  dusted  bacon. 
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The  addition  of  a  small  amoimt  of  water  to  the  uncompressed 
materials  yielded  test  blocks  with  increased  breaking  strength  when  the 
blocks  were  made  with  larger  cuts  of  bacon.  The  experiment  was  repeated 
with  1/4  in.  instead  of  3/8  in.  bacon  and  the  results  are  again  shown  in 
Table  XVII.  Added  water  decreased  rather  than  increased  the  strength  of 
the  blocks  made  with  the  finer  cut  of  bacon. 

The  3/8  in.  bacon  wets  partially  defatted  by  warming  at  120°F 
and  draining  off  the  free  fat.  Fifty  grams  of  the  partially  defatted 
bacon  w^  coated  wlih  Sorbo  syrup  in  the  same  manner  as  previously  de¬ 
scribed.  The  rice  to  be  added  to  the  coated  bacon  was  premoistened  by 
adding  7  g.  of  water  to  30  g.  of  whole  rice  and  tempering  for  1  hr. 

Fifty  grams  of  the  coated  bacon  wa-e  mixed  with  37  g.  of  the  moistened 
rice^  16  g«  of  nonfat  dry  milk  and  4  g.  of  crystalline  sorbitol.  The 
mixture  was  tempered  for  1  hr.  and  then  tableted  at  pressures  up  to  2^000 
lb.  Greater  jack  pressures  than  2^000  lb.  resulted  in  extrusion  of  the 
material  from  the  slightly  wet  batch.  The  compressed  blocks  were  dried 
for  3  hr.  at  100 °F. 

The  finished  blocks  were  very  strong.  The  average  breaking 
strength  was  15.8  lb.  Part  of  the  moist  mixture  was  dried  for  15  min. 
at  100°  before  tableting.  The  tablets  made  from  the  dried  mixture  had 
a  slightly  lower  breaking  strength  than  those  made  from  the  wet  mixture 
and  subsequently  dried.  The  results  are  reported  in  Table  XVTI. 

Fifty  grams  of  3/8  in.  bacon  were  coated  by  first  mixing  with 
10  g.  of  Sorbo  syrup  and  then  mixing  with  18  g.  of  nonfat  dry  milk.  In 
a  separate  container^  30  g.  of  whole  rice  were  mixed  with  5  g.  of  water 
and  subsequently  with  2  g .  of  crystalline  sorbitol.  The  three -component 
mixture  was  tempered  for  15  min.  The  coated  bacon  was  then  mixed  with 
the  coated  rice  and  the  mixture  of  the  two  dried  for  1/2  hr,  at  120 °F. 

The  dried  mixture  was  compressed  warm  at  2^000  and  4^000  lb. 

Results  are  summarized  in  Table  XVII  as  Series  3,  Very  strong 
blocks  with  breaking  strengths  of  30.6  and  40.0^  lb.  were ' obtained.  The 
breaking  strength  was  only  9,0  lb.  when  the  uncompressed  mixture  was 
held  in  the  refrigerator  for  l/2  hr.  before  tableting  even  though  5^000 
lb,  pressure  was  used. 

■  '  This  series  of  experiments  showed  that  a  real  advantage  was  to 
be  obtained  by  coating  bacon  with  Sorbo  syrup  and  then  drying.  The  coat¬ 
ing  increased  the  strength  of  the  test  blocks  and  decreased  the  amount 
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of  fat  leaJiage  from  the  hacoric  Some  of  the  blocks  were  as  strong  as  those 
made  by  the  wet  binder  method,,  Iberefore^  the  Sorbo  coating  procedure 
could  probably  be  developed  for  making  prototype  blocks.  However^  a  con¬ 
siderable  amount  of  art  is  involved  in  this  procedure.  Probably;,  a  number 
of  specific  modifications  would  be  needed  for  each  prototype  food  formula¬ 
tion. 


It  proved  to  be  difficult  to  apply  other  sticky  coating  materiaJLs 
such  as  gelatin;  egg  albumen,  or  starch  to  individuaJI  particles  of  the  s/s 
in.  bacon.  Materia,ls  which  would  stick  to  the  bacon  usually  stuck  with 
greater  tenacity  to  any  support,  such  as  a  screen,  used  when  they  were  dried. 
In  spite  of  this  difficulty,  we  showed  that  the  bacon  particles  could  be 
coated  individua,lly  with  a.  layer  of  gelatin,  which  adhered  well  but  became 
hard  and  brittle  when  dry.  Similar  results  were  obtained  with  coatings  of 
beeswaoc. 


2,  Hot -Melt  Adhesives 


A  more  promising  procedure  was  to  handle  the  bacon  pieces  un¬ 
separated,  using  an  adhesive  coabing  which  was  liquid  when  hot,  and  which 
set  up  solidly  on  cooling,  but  did  not  require  subsequent  drying.  The 
latter  property  implied  a  high  solids  content,  with  only  very  small 
amounts  of  water  for  dispersion.  An  exploratory  search  for  such  "hot 
melt"  adhesives  was  carried  out. 

Melted  beeswax  wais  unsatisfactory  for  building  up  the  concen¬ 
tration  of  a.  20  per-cent  solution  of  high  strength  gelatin,  since  it  was 
Immiscible  with  the  gelatin  solution  when  melted  and  formed  a  grainy, 
sticky  mixture  on  cooling  and  mixing.  A  somewhat  smoother,  but  extremely 
sticky  preparation,  was  obtained  when  the  experiment  was  repeated  with 
Myrj  52  instead  of  the  beeswax. 

Highly  soluble  carbohydrates  were  found  to  be  valuable  for 
building  up  the  solids  content  of  gelatin  hot  melts .  In  preliminary 
experiments  it  was  possible  to  double  the  solids  content  of  a  20  per¬ 
cent  suspension  of  high  strength  gelatin  by  adding  cerelose  or  Frcdex  24. 

The  use  of  gelatin  of  lower  viscosity  (Swift's  Centura)  per¬ 
mitted  higher  concentrations  of  gelatin  in  the  hot  melts .  A  mixture  of 
8  gb  of  this  gelatin  with  10  g.  of  water  v/as  not  t,oo  viscous  for  use  as 
adhesive  when  warmed  to  120'’.  As  a  single  ingredient  for  a  hot  melt. 
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Frodex  24  made  a  good  adhesive  at  concentrations  of  up  to  80  per-cent  and 
sorhitol  could  he  handled  at  concentrations  of  up  to  90  per-cent  and 
higher o  Such  ingredients  were  considered  useful  for  hot  melts  because 
they  would  require  little  or  no  drying  after  the  blocks  were  formed. 

The  effect  of  stepwise  addition  of  cerelose  to  Centura  hot  melts 
was  tested.  Eight  grams  of  Centura  gelatin  were  mixed  with  4  -  6  g.  of 
cerelose  in  400  ml.  beakers.  Ten  grams  of  water  were  added  to  each  beaker 
and  the  contents  stirred.  Very  thick^  nonfluid  mixtures  resulted.  The 
beakers  were  covered  with  watch  glasses  and  the  contents  warmed  on  a  steam 
bath.  This  caused  the  semisolid  mixtures  to  melt  down  into  thick  viscous 
suspensions^  all  materials  dispersing  completely.  The  batch  in  each 
beaker  was  then  restored  to  the  original  weight  by  the  addition  of  a  little 
water ^  covered  tightly^  and  allowed  to  stand  at  room  temperature  for  24  hr. 

Subjective  observations  made  on  the  warm  and  cool  melts  are 
summarized  in  Table  XVEII.  Very  adhesive  hot  melts  were  made^  which  con¬ 
tained  up  to  nearly  70  per-cent  solids.  The  effect  of  increasing  cerelose 
in  the  series  was  to  slightly  decrease  the  viscosity  of  the  melts  when  warm. 
Firmness  of  the  blocks  of  cooled  adhesive  decreased  slightly  and  their  . 
stickiness  increased  slightly  with  increasing  concentrations  of  cerelose. 

The  use  of  Centura-cerelose  hot  melt  adhesives  was  tested  with 
the  test  block  formula.  Tv/enty-five  grams  of  3/8  in.  bacon  and  15  g.  of 
whole  rice  were  mixed  in  a  beaker.  Adhesive  mixture  C-1  (see  Table  XVIII ) 
was  then  warmed  up  to  about  140°;  and  18  g.  of  it  poured  over  the  mixture 
of  bacon  and  rice  .  This  provided  approximately  the  same  proportion  of  ad¬ 
hesives  on  an  original  ingredients  basis  as  in  the  basic  test  block  for¬ 
mula.  The  warm  adhesive  spread  rapidly  over  the  bacon  and  rice;  and  adhered 
well.  After  stirring  the  mixture  for  a  few  seconds;  small  blocks  were 
formed  by  pressing  it  in  the  steel  mold.  The  adhesive  set  up  rapidly.  .Only 
four  blocks  could  be  formed  before  the  mixture  became  too  stiff  to  handle. 
The  finished  blocks  had  a  good  appearance;  very  much  like  that  of  the 
test  blocks  made  by  the  wet  adhesive  method. 

A  second  trial  with  test  block  formula  was  run  using  the  pro¬ 
cedure  as  above;  with  the  exception  tha.t  G-2  adhesive  was  used  instead  of 
C-1.  AlsO;  the  adhesive  was  warmed  in  the  beaker  and  the  bacon  and  rice 
then  mixed  in  the  warm  beaker  containing  the  adhesive.  An  adverse  effect 
was  noted  from  mixing  the  3/8  in.  bacon  in  a  warm  environment;  in  that  it 
leaked  large  quantities  of  fat.  The  rice  in  this  case  was  ground- medium 
fine  and  warmed  with  the  adhesive  formula  C-2.  The  bacon  was  added  to 
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the  warm  adhesive  and  rice„  This  procedure  resulted  in  severe  oil  loss 
from  the  bacon. 

In  a  subsequent  run^  the  adhesive  was  poured  over  the  mixture 
of  bacon  and  rice.  Ten  grams  of  3/8  in.  bacon  and  6  g.  of  whole  rice 
were  mixed  lightly  in  a  100  ml.  beaker  and  lightly  tamped  down  to  approxi¬ 
mately  minimum  volume.  Fifteen  grams  of  melted  G-3  adhesive  was  poured 
over  the  tamped  mixture.  The  melted  adhesive  ran  down  into  the  spaces  of 
the  blocks  easily filling  the  voids  almost  completely.  The  pour  techni¬ 
que^  therefore;,  appeared  to  be  a  very  good  method  of  applying  hot  melts. 
Solid  well-filled  blocks  were  formed.  However;,  they  contained  a  larger 
percentage  of  adhesive  than  did  the  original  basic  test  formula. 

Table  XIX  summarizes  the  notes  made  on  the  appearance  and  the 
physical  data  obtained  on  the  blocks  formed  in  the  above  four  experiments. 
The  blocks^  in  general^  were  strong  and  rubbery^  and  they  tended  to  return 
to  the  original  fom  after  compression.  It  is  believed  that  blocks  such 
as  these  could  be  made  to  meet  the  Quartermaster  Corps  requirements .  The 
elasticity  could  be  overcome  by  drying  them  slightly. 

The  findings  in  the  above  experiments  would  be  true  generally 
for  any  hot  melt  formulas  prepared  from  low  Ariscosity  gelatin  plus  highly 
soluble  carbohydrate.  Evidence  suggested  that  melted  adhesives  of  this 
type  could  be  used  in  a  very  simple  and  rapid  block- forming  operation, 
particularly  in  that  drying  of  the  formed  blocks  would  be  minimized  or 
eliminated  entirely.  Although  manipulation  of  the  melted  adhesives  was 
difficult  in  the  laboratory,  it  would  probably  lend  itself  easily  to 
production  on  continuous  equipment.  The  Importance  of  avoiding,  as  much 
as  possible,  mixing  of  the  bacon  in  the  presence  of  hot  melt  was  empha¬ 
sized.  The  procedure  of  pouring  the  melted  adhesive  over  the  bacon  and 
rice  had  the  advantage  that  the  bacon  received  no  agitation. 

Additional  tests  were  needed  to  establish  roughly  quantitative 
relationships  between  the  viscosity  of  the  hot  melt,  the  amount  of  hot 
melt  used,  and  the  pore  size  of  the  block.  Preliminary  experiments  indi¬ 
cated  that  the  viscosity  of  the  melt  could  not  exceed  a  certain  maximum 
with  each  pore  size  in  the  block.  It  was  also  obvious  that  smaller 
quantities  of  adhesive  would  be  needed  if  the  size  and  number  of  voids 
in  the  block  were  small. 

In  further  experiments,  the  precooked  rice  used  for  preparing 
the  test  blocks  was  handled  either  ground  or  unground.  The  ground  was 
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screened  to  either  10  -  14  mesh  or  16  -  20  mesh.  Stock  hot  melt  adhesive 
was  made  up  containing  50  g.  of  high  strength  gelatin^  50  g.  of  cerelose 
and  100  g.  of  water.  Penetration  tests  were  run  using  this  stock  adhesive 
on  test  blocks  made  with  the  above  three  sizes  of  rice.  In  these  tests 
the  stock  gelatin-cerelose  adhesive  was  used  as  is  and  diluted  with  two 
levels  of  water.  Each  adhesive  suspension  was  warmed  to  140 °F  and  the 
viscosity  was  determined  using  a  Brookfield  viscosimeter  (see  Appendix 
section  on  equipment).  For  each  concentration  of  adhesive  tested^  three 
50  ml.  beakers  were  set  up;  each  containing  5  g,  of  S/s  in.  bacon  and  3  g. 
of  rlce^  tamped  down  gently  to  minimum  volume.  The  rice  in  the  first 
beaker  was  unground;  that  in  the  second,  medium  ground;  and  that  in  the 
third,  fine  ground  to  the  screen  sizes  mentioned  above.  A  slight  excess 
of  adhesive  at  140°F  was  poured  over  the  surface  of  the  materials  in  each 
beaker.  The  blocks  were  then  observed  to  determine  whether  the  penetra¬ 
tion  of  the  adhesive  was  negative,  partial,  or  complete. 

The  next  step  in  the  above  quantitative  test  on  pour-on  ad¬ 
hesives  was  to  learn  approximately  the  minimum  amount  of  adhesive  re¬ 
quired  to  fill  all  of  the  spaces  in  the  three  types  of  blocks.  A  dilute 
solution  of  the  stock  adhesive  which  would  completely  penetrate  all 
blocks  W8LS  used.  Fifty  millimeter  beakers  containing  pieces  of  bacon  and 
the  three  grinds  of  \rice  were  again  prepared.  Increasing  amounts  of  the 
hot  adhesive  were  poured  over  the  block  in  each  beaker  until  the  amount 
applied  was  just  sufficient  to  wet  or  cover  the  entire  mass  of  bacon  and 
rice.  The  amount  of  adhesive  in  each  case  was  noted. 

The  third  step  in  the  quantitative  tests  was  to  determine  the 
bulk  density  of  the  tamped  bacon  and  rice  mixtures  used.  This  was  done 
by  tamping  the  mixtures  in  250  ml,  graduate  cylinders  and  noting  the  volume 

The  results  obtained  from  these  three  tests  are  consolidated  in 
Table  XX.  They  Indicated  that  it  was  possible  to  obtain  complete  penetra¬ 
tion  with  fairly  viscous  hot  melts  as  long  as  the  blocks  had  an  open 
structure ,  The  percenteiges  of  adhesives  used  were  somewhat  higher  than 
in  the  regular  test  formula  used  with  the  wet  binder. 

The  experiments  confirmed  the  practicality  of  the  pour-on  method 
for  using  hot  melts  both  with  euid  without  a  final  drying  step. 

In  later  exploratory  experiments,  we  attempted  to  use  melted  fat 
as  a  pour-on  adhesive .  This  material  was  not  applicable  as  it  did  not 
stick  to  the  bacon,  and,  also,  hardened  so  rapidly  that  penetration  was  not 
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complete.  In  a  further  exploratory  test^  the  strength  of  the  crumbly 
fine-textured  blocks  was  somewhat  increased  by  soaking  the  blocks  in 
a  solution  of  zein  in  70  per-cent  alcohol  and^  subsequently^  drying. 


C.  Development  of  Erototype  Ration  Blocks  by  Means  of  the 

Wet  Binder  Process 


The  wet  adhesive  procedure^  using  relatively  high  levels  of 
edible  binders  such  as  nonfat  dry  milk,  sodium  caseinate,  or  egg  albumen, 
appeared  to  be  suitable  for  making  prototype  blocks  of  suitable  quality 
for  shipment  to  the  Quartermaster  Corps.  A  series  of  ration  block 
formulas  was,  therefore,  developed  for  the  above  purpose  and  the  develop¬ 
ment  is  described  below. 


1.  B-1  Bacon 


The  first  ration  developed  was  of  a  meat  type,  based  on  the 
basic  test  block  formula.  The  new  formul.a,  which  was  also  based  on 
bacon  and  rice,  was  designated  B-1  and  first  consisted  of  four  parts 
prefried  bacon,  two  parts  precooked  rice,  and  two  parts  of  dry  binder. 
The  nonfat  "dry  milk  binder  in  the  basic  test  formula  was  replaced  with 
egg  albumen.  .  This  material  was  more  easily  dried  than  the  nonfat  milk 
and  it  was  expected  to  be  more  stable'  on  prolonged  storage. 

In  the  first  run  of  Formula  B-1,  a  procedure  was  used  which 
became  general  for  the  preparation  of  prototype  blocks.  The  dry  albumen 
was  well  mixed  with  room  tempepature  tap  water  until  a, 11  lumps  were  dis¬ 
persed.  The  resulting  paste  was  covered  and  held  overnight  in  the 
refrigerator  and  then  remixed  before  using.  The  egg  albumen  paste  in 
the  first  run  of  Formula  B-1  contained  25  g.  of  water  to  20  g.  of  dry 
albumen.  The  bacon  and  rice  were  mixed  but  not  steeped,  and  immediately 
mixed  with  the  binder  paste .  Blocks  were  immediately  formed  in  the 
steel  molds  and  then  dried  in  a  circulating  warm  air  dryer.  In  the 
first  run  of  Formula  B-1,  the  blocks  were  of  the  small  size  and  were 
dried  for  several  experimental  periods  at  110“  and  120“F. 

The  physical  properties  of  the  B-1  blocks  obtained  in  the 
first  run  were  satisfactory,  but  the  drying  conditions  were  not  properly 
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adjusted.  A  second  series  of  B-1  blocks  were,  therefore,  prepared  using 
the  following  slightly  modified  formula  which  provided  additional 
calories:  45  per— cent  prefried  bacon,  35  per-cent  precooked  rice,  and 

20  per-cent  egg  albumen  binder.  The  above  general  procedure  was  used, 
but  20  g.  of  water  was  used  for  each  20  g.  of  dry  albumen.  Drying  con¬ 
ditions  for  the  blocks  were  again  subject  to  experimental  variation. 

The  properties  of  the  finished  blocks  suggested  that  Formula  B-1  should 
be  dried  for  16  hr.  at  120'‘r.  This  drying  condition  and  the  formula  in 
second  run  of  B-1  became  the  standarxi  for  this  type  of  ration  block  and 
was  used  to  prepare  the  food  blocks  sent  to  the  sponsor . 

Large  blocks  made  by  the  above  formula  and  procedure  showed  a 
10-ft.  drop  loss  of  2  per-cent  and  a  moisture  content  of  6.6  per  cent. 
Evaluation  of  this  and  other  prototype  blocks  is  described  in  a  follov/- 
ing  section  on  evaluations  and  is  summarized  in  Table  XXIII .  The  second 
prototype  ration  formula  was  B-2,  chicken. 


2 .  B-2  Qhicken 

Formula  B-2  consisted  of  50  per-cent  precooked,  freeze-dehy¬ 
drated  chicken  pieces,  18  per-cent  coarsely  ground  survival  ration 
crackers,  12  per  cent  hydrogenated  coconut  fat  and  20  per-cent  egg 
albumen  binder . 

A  satisfactory  product  was  produced  in  the  following  manner. 

The  fat  was  melted,  mixed  with  the  crackers,  and  this  mixture  was 
allowed  to  cool.  It  was  then  mixed  with  the  chicken  and,  subsequently, 
with  the, binder  paste,  which  had  been  made  up  with  a  level  of  25  g .  of 
water  for  20  g.  of  dry  egg  albumen.  More  consolidation  than  was  possible 
with  hand  forming  was  needed  to  obtain  the  proper  density  in  the  blocks. 
Small  size  blocks  were,  therefore,  compressed  at  a  total  jack  pressure 
of  1,000  lb.  and  dried  for  16  hr.  at  120°F, 

Large  blocks  of  Formula  B-2  prepared  by  the  above  procedure 
did  not  shatter,  but  broke  in  half  when  dropped  from  10  ft.  on  the 
cement  floor.  Experience  with  various  additives  for  the  wet  binder, 
discussed  in  Section  A,  suggested  brittleness  could  be  modified  by 
further  formulation. 
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3.  B-3  Beef 


The  third  meat  prototype  ration  was  B-3  beefo  The  block 
formula  consisted  of  50  per-cent  dried  beef,  30  per  cent  coarsely 
ground  survival  crackers,  and  20  per  cent  egg  albumen  binder „  Binder 
paste  was  made  up  with  25  go  of  water  for  each  20  go  of  dried,  egg 
albumen.  Both  small  and  large  size  blocks  were  formed  under  a  jack 
pressure  of  1,000  lb.  and  dried  for  16  hr.  a.t  120‘^Fo 


4 o  C-5  Soy  Cracker 


Two  cereal  ration  formulas  were  tried  and  were  not  considered 
satisfactory  for  prototype  blocks.  The  first  was  C-1,  which  contained 
60  per  cent  soybean  grits,  20  per  cent  hydrogenated  coconut  oil,  and 
20  per  cent  egg  albumen  binder.  The  second  formula,  C-2,  consisted  of 
60  per  cent  coarsely  ground  survival  crackers,  20  per-cent  hydrogenated 
coconut  oil  and  20  per-cent  egg  albumen  binder.  Although  the  physical 
properties  of  the  blocks  prepared  by  these  two  formulas  were  satis¬ 
factory,  they  were  not  felt  to  contain  a  broad  enough  variety  of  cereal 
protein . 


Formula  C~3  was  considered  more  satisfactory  from  a.  nutri¬ 
tional  standpoint  than  the  above  two  formulas,  and  was  used  for  proto¬ 
type  ration  blocks.  C-3  contained  30  per-cent  soy  grits,  30  per  cent 
coarsely  ground  survival  cracker,  20  per-cent  98”  hydrogenated  coconut 
fat,  and  20  per-cent  egg  albumen  binder.  Tvrenty  grams  of  water  were 
used  for  each  20  g.  of  dried  egg  albumen  in  the  binder.  The  mixture  of 
soy  grits  and  crackers  were  soalied  in  the  melted  fat.  The  cereal  and 
fat  mixture  was  then  cooled,  mixed  with  the  binder  paste  and  formed  into 
blocks  by  hand.  The  blocks  were  dried  for  16  hr.  at  120”F.  A  later- 
modification  of  C-3,  which  improved  the  density,  consisted  of  compress¬ 
ing  the  blocks  under  a  total  jack  pressure  of  1,000  lb.  Three-inch 
blocks,  made  using  this  modified  procedure,  broke  into  large  pieces 
under  a  10-ft.  drop  but  did  not  shatter. 


5 .  D-1  Peanuts 


Two  types  of  dessert  formulas  were  made  up  in  the  form  of 
prototype  blocks.  The  first  of  these  was  Formula  D-1,  peanuts.  The 
formula  consisted  of  50  per-cent  coarsely-ground  dry- roasted  peanuts. 
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30  per  cent  precooked  rice^  and  20  per  cent  egg  albumen  binder  „  The 
usual  genersd.  procedure  was  followed,  using  25  g.  of  water  for  each 
20  g.  of  dry  egg  albumen  binders  The  blocks  were  hand  formed  and 
were  dried  for  16  hr«  at  100°Fo 


6 «  D-2  Coconut 


The  second  dessert  ration  formula  was  D-2,  coconuts  The 
formula  consisted  of  50  per-cent  shredded  coconut,  30  per-cent  whole 
precooked  rice,  and  20  per-cent  egg  sdbumens  Following  the  usual  proce¬ 
dure,  the  binder  paste  was  made  up  with  25  g.  of  water  for  20  g «  of  dry 
albumen  and  blocks  were  hand  formed »  The  blocks  were  dried  for  16  hr» 
at  100 °Fs 


An  interesting  formula  D-3  was  tried  experimentally  but  was 
not  shipped  as  a  prototype  block,  since  the  principal  starting  material 
was  not  readily  available s  .  The  formula  consisted  of  60  per  cent 
expeller  process  defatted  peanut  meal,  20  per-cent  hydrogenated  coconut 
fat  and  20  per-cent  egg  albumen.  As  prepared  by  the  general  procedure 
described  above,  this  formula  produced  blocks  with  a  dark  brown  color 
and  a  slightly  heavy  but  interesting  flavor,  unexpectedly  suggestive 
of  meat.  The  blocks  could  be  bitten  off  and  chewed  in  a  satisfactory 
manner . 


■  Information  relating  to  the  six  prototype  formulas  which  were 
shipped  to  the  sponsor  is  summarized  in  four  tables  in  the  Appendix. 
Table  XXI  reviews  the  formulas  and  calculated  analyses;  Table  XXII 
shows  points  in  the  general  procedure  which  were  modified  specifically 
for  each  formula;  Table  XXIII  summarizes  acceptability  data,  and  Table 
XXIV  summarizes  the  physical  test  data  which  were  obtained  on  the 
freshly  prepared,  and  on  the  stored,  prototype  blocks. 


D,  Storage  Test  on  Prototype  Ration  Blocks 


The  prototype  blocks  should  withstand  three  months  storage 
at  100°F.  A  new  series  of  each  of  the  six  previously  listed  prototype 
formulas  was 'prepared  for  accelerated  storage,  and.  procedures  outlined. 
For  the  storage  tests,  200  g.  batches  of  each  formula  were  made  up  in 
the  small  size  blocks.  For  storage,  the  blocks  from  each  formula,  were 
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divided  among  two  8-ozo  glass  jarSo  The  jars  were  fitted  with  ruhher 
stoppers ;  the  inner  surface  of  each  of  which  was  lined  with  aluminum 
foil  in  order  to  prevent  odor  absorption  from  the  stopper «  The  stoppers 
were  fitted  with  glass  tubing  inlets  and  outlets  which  permitted  the 
contents  of  the  jars  to  be  swept  with  nitrogen „ 

t .. 

The  stoppers  were  applied  to  the  jars  tightly^  and  the  outer 
seams  sealed  with  beeswax.  Air  was  exhausted  from  the  jars  by  pulling 
a  full  vacuum  with  a  water  aspirator.  The  vacuum  was  released  by 
running  in  USP  nitrogen.  The  exhausting  and  gassing  with  nitrogen  were 
then  repeated  twice  more.  With  the  bottles  at  atmospheric  pressure^  the 
gas  connections  were  sealed  and  one  bottle  of  each  formula  was  then 
placed  in  a  constant  temperature  cabinet  at  100°  -  1°F.  The  other 
bottle  of  each  formula  was  placed  in  a  0°F  freezer.  The  second  bottle 
served  as  a  reference  for  'ta^te  testing  the  samples  at  the  end  of  the 
warm  temperature  storage. 

At  the  end  of  the  three-month  storage  period^  the  100°F  and 
0°F  samples  were  examined  by  the  laboratory  personnel  for  color ^  odor^ 
bite  characteristics^  and  flavor.  Although  not  formally  taste-tested; 
they  were  given  1-10  hedonic  ratings;-  which  reflected  the  opinion  of 
the  laboratory  workers  on  their  odor  and  flavor.  The. blocks  which  had 
been  stored  at  100°F  as  well  as  at  0°F  were  tested  for  breaking  strength; 
10- ft.  drop  loss;  and  vertical  and  lateral  deformation  at  100°F.  These 
tests  were  run  in  exactly  the  same  way  as  on  the  fresh  samples  prior  to 
accelerated  storage. 

Table  XKIII  summarizes  the  notes  made  on  the  examination  for 
'acceptability  of  the  0°  and  lOO^F  stored  samples.  The  chief  change  in 
the  appearance  of  the  lOO'’  blocks  were  a  slight  yellowing  and  the  develop¬ 
ment  of  mild  toasted  odors  and  flavors ,  Since  the  ingredients  used  all 
had  a  stability  considerably  greater  than  that  required  in  the  test; 
the  color  and  flavor  changes  were  probably  due  to  the  binder. 

In  Table  XXIV;  the  physical  values  obtained  on  the  100°  stored 
samples  are  compared  with  those  made  on  fresh  preparations  prior  to  the. 
test.  These  data  indicated  that  there  were  only  minor  changes  in  the 
physical  values  due  to  accelerated  storage .  The  general  conclusion  was 
reached  that  accelerated  storage  had  only  a  minor  effect  on  the  physical 
structure  of  the  blocks  made  with  wet  adhesives. 
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Following  the  storage  test,  further  hatches  of  each  of  the 
above  prototype  formulas  were  prepared  and  shipped  to  the  sponsor. 

The  hatch  of  each  formula  included  a  series  of  large  blocks  for  ship¬ 
ment,  and  a  series  of  small  blocks  for  repeat  determination  of  several 
of  the  physical  values.  The  physical  data  obtained  on  the  series  for 
shipment  are  shown  in  Table  XX^/.  In  general,  the  values  on  the  new 
blocks  agreed  closely  with  those  on  the  series  prepared  before  the 
three-months  storage  test.  The  shear  strength  and  impact  resistance 
figures  (see  Methods  in  Appendix  A)  suggested  the  following  properties 
among  the  six  formulas:  1.  Bacon  --  good  chewing  character,  but 
possibly  slightly  fragile.  2.  Chicken  —  hard,  at  maximum  toughness 
that  can  be  chewed.  3.  Beef  — •  firm,  solid  and  strong,  but  satis¬ 
factorily  chewable.  4.  Soy-cracker  —  easily  chewable,  but  probably 
too  fragile.  5.  Peanut  —  near  maximum  toughness  for  chewing,  good 
impact  resistance.  6.  Coconut  —  slight  resistance  to  bite,  but 
still  brittle. 


E  0  Methodology  and  Testing  of  Food  Blocks 


The  tests  used  in  evaluating  test  block  formulations  have 
been  mentioned  in  the  preceding  sections  of  this  report.  They  will  be 
outlined  in  detail  in  Appendix  A.  These  tests  on  the  finished  block 
preparations  indicated  the  moisture  content,  breaking  strength,  loss  of 
material  by  fragmentation  upon  a  10- ft.  drop,  and  the  deformation  under 
a  steady  load  of  5  psi. 


1 .  Breaking  Strength  and  Drop  Test 

As  applied  to  the  best  test  blocks,  the  above  tests  indicated 
that  the  breaking  strength  averaged  more  than  10  lb.  Such  a  figure 
corresponded  to  a  block  which  was  difficult  to  crush  between  the  fingers . 
The  blocks  withstood  a  10-ft„  drop  on  a  cement  floor  at  room  temperature 
and  above.  Both  the  strength  and  the  resistance  to  drop  loss  held  good 
even  when  the  blocks  contained  up  to  about  25  per-cent  moisture.  As 
noted  below,  hov^ever,  the  very  moist  blocks  shattered  when  dropped  at 
-65 °F.  There  was  also  some  difficulty  in  shattering  with  blocks  dried  • 
to  less  than  10  per-cent  moisture,  but  it  was  felt  that  this  could  be 
overcome  by  adding  a  plasticizing  agent  such  as  lecithin.  Special  binder 
formulations  were  prepared  which  provided  sufficient  resistance  to 
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deformation  in  the  test  blocks,  even  at  100 °F  and  with  a  moisture 
content  of  over  20  per-cent. 

The  drop  test  will  be  described,  in  detail  in  the  Appendix. 

A  block  made  with  a  nonfat  dry  milk;  binder  containing  10  per-cent  in¬ 
stant  cornstarch  was  cooled  to  -65°P  in  a  Dowanol-dry  ice  bath  and 
dropped  from  a  height  of  10  ft.  onto  the  concrete  floor.  Small  blocks, 
containing  from  17  -  26  per-cent  moisture,  showed  essentially  no  break¬ 
age  when  dropped  under  these  conditions.  However,  the  same  formula  in 
the  .large  size  blocks  showed  breakage  in  5  out  of  6  blocks  in  the  -65°F 
10-ft.  drop.  The  blocks  broke  into  from  2-4  large  pieces,  rather  than 
shattering  completely.  It  was  conc.luded  that  breakage  of  the  large 
blocks  at  cold  temperatures  and  high  :moisture  content  was  a  definite 
problem.  It. would  a,ppear  possible  to  overcome  it,  however,  either  by 
adding  a  plasticizer  to  the  binder,  or  by  adding  reinforcing  fibers  to 
the  block  formula. 

Resistance  of  the  test  blocks  to  a  10-ft.  drop  at  100 “F  was 
also  demonstrated.  Small  blocks  were  made  by  the  standard  procedure, 
with  a  formula  co:ataining  10  per  cent  instant  cornstarch  in  the  milk 
binder.  They  were  dried  to  final  moisture  values  ranging,  from  16.6  - 
26.0  per-cent.  The  blocks  were  brought  to  a  temperature  of  100 °F  in 
a  constant  temperature  cabinet  and  were  dropped  before  having  time  to 
cool  down  appreciably.  No  breakage  was  noted  and  the  only  blocks  which 
showed  deformation  were  those  that  contained  2.6  per-cent  moisture.  This 
deformation  was  s.light  and  was  not  considered,  objectionable. 

Large  blocks  were  prepared  by  the  previous  procedure  and 
formula,  and  also  tested  for  drop  loss.  A  series  with  a  moisture  con¬ 
tent  of  18  per-.cent  was  dropped  through  10  ft.  at  a  temperature  of 
100 °Po  No  breakage  appeared,  but  there  were  small  cracks  in  one  of 
the  six  blocks  which  were  dropped.  The  test  was  repeated  with  blocks 
of  the  same  size  having  a  31  per-cent  moisture  content.  No  breakage 
or  cracks  were  noted,  but  there  was  a  slight  amount  of  deformation. 

A  10-ft.  drop  .loss  test  was  performed  on  blocks  dried  in  a 
vacuum  oven  to  an  average  moisture  content  of  5.4  per-cent.  On  drop¬ 
ping  these  10  ft.  at  room  temperature,  there  was  an  average  loss  of 
14  per-cent  in  weight,  representing  material  broken  off  the  edges. 

This  figure  compared  with  less  than  a  one  per.- cent  loss  at  the  equili¬ 
brium  moisture  value  of  10  to  11  per..-cent.  In  another  experiment  large 
size  test  blocks  were  vacuum  dried  at  40°C  to  a  moisture  content  of 
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3  per-cent.  Upon  dropping  these  blocks  10  ft.  at  room  temperature^ 
they  shattered  into  many  small  pieces. 

It  was  required  that  the  test  blocks  retain  their  strength 
after  being-  frozen  and  thawed  three  times.  This  effect  was  tested  on 
a  series  of  small  blocks  made  with  10  per- cent  instant  staxch  binder 
and  ranging  from  17  -  26  per-cent  in  moisture  content.  These  blocks 
were  frozen  three  times  in  a  0°  cabinet  and  thawed  at  room  temperature. 
Wo  breakage  v/as  seen  in  dropping  them  10  ft.  at  room  temperature.  The 
breaking  strengths  ran  only  1-5  per-cent  lower  than  those  for  samples 
of  the  same  blocks  vrhich  had  not  been  frozen  and  thawed.  Additional 
large  blocks^  prepared  by  the  same  formula,  were  frozen  and  thawed  in 
the  same  manner  and  subjected  to  10-ft.  drop  tests  at  room  temperature. 
There  was  a  loss  of  1.5  per-cent  in  blocks  containing  25  per-cent 
moisture  and  0.5  per-cent  loss  in  blocks  containing  19  per-cent  mois¬ 
ture.  These  data  indicated  that  there  was  essentially  no  deterioration 
in  strength  due  to  the  three  freeze  thaw  cycles. 


2.  Deformation 


pacifications  required  the  blocks  to  show  less  than  10  per¬ 
cent  deformation  in  24  hr.  under  a  constant  load  of  5  psi.  at  tempera¬ 
tures  of  up  to  100 “F,  The  deformation  test  apparatus  consisted  of  steel 
weights  which  were  applied  to  the  test  blocks  in  a  100°  cabinet.  A 
detailed  description  of  the  apparatus  and,  procedure  is  presented  in 
Appendix  A. 

Deformation  tests  were  run  on  a  series  of  test  blocks  prepared, 
using  the  regular  formula  and  dried  to  three  moisture  levels.  The 
blocks  were  compressed  at  room  temperature,  40°  and  100 °F,  As  shown  in 
Table  XKVI,  the  resistance  to  deformation  was  good  at  18  per-cent  mois¬ 
ture,  even  in  a  100°F  environment.  At  23  per-  cent  moisture,  the  resist¬ 
ance  to  deformation  was  just  passable  at  room  temperature  and  at  100°F 
it  was  excessive.  Twenty-six  per-^cent  moisture  blocks  deformed  excess¬ 
ively,  both  at  room  temperatixre  and  100 °F,  but  not  at  40°F.  However, 
it  has  been  noted  in  the  preceding  section  that  deformation  in  the  test 
blocks  could  be  overcome  by  special  modification  of  the  binder. 
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3.  Shear  Strength 


A  test  for  shear  strength  was  required  for  evaluating  the 
blocks  made  by  the  best  binder  methods.  Shear  strength  values  were 
obtained  using  a  modification  of  the  Warner-Bratzler  meat  tenderness 
tester.  The  procedure  is  described  in  Appendix  A.  The  equipment 
pressed  a  flat  bladed  knife  against  the  large  surface  of  the  block  to 
be  analyzed  until  the  block  sheared  in  half.  The  amount  of  pressure 
required  to  force  the  knife  through  the  block  was  recorded  as  the  shear 
strength.  A  number  of  different  food  materials  were  tested  in  order  to 
develop  figures  with  the  methods  which  would  reflect  the  difficulty  of 
biting  off  and  chewing.  These  were  food  blocks  of  various  degrees  of 
hardness  prepared  in  the  laboratory^  dog  biscuits,  and  sections  from 
several  firm  vegetables  of  approximately  the  same  size  as  the  food 
blocks. 


The  data  obtained  in  the  initial  trials  of  the  shear  test 
method  are  presented  in  Table  XKVII.  The  shear  strength  method  appeared 
capable  of  giving  values  which  were  consistent  for  food  blocks  of  vary¬ 
ing  degrees  of  hardness  and  resistance  to  shear,  which  reflected  the 
susceptibility  of  the  foods  to  biting  and  chewing.  The  following 
interpretations  for  the  ranges  of  numerical  values  were  suggested  for 
small  size  blocks  as  tested  by  the  method;  0-10  lb.  shear  strength 
--  very  soft,  no  effort  to  chew;  10  -  20  lb.  shear  strength  --  quite 
definite  shear  resistance,  but  still  no  special  effort  required  to  bite 
off  and  chew,  a  range  typical  of  most  firm,  solid  food  blocks;  20  -  30 
lb,  shear  --  definite  resistance  to  biting,  but  can  be  handled  with 
effort;  30  lb,  shear  strength  or  higher,  blocks  are  too  hard  to  bite 
off.  Highly  plastic  materials  did  not  give  good  shear  strength  values, 
since  they  tended  to  flow  under  the  knife  and  did.  not  show  sharp  end 
points.  Very  hard  materials  which  cracked  tended  to  give  occasional 
low  values,  and  these  low  values  were  discarded. 


4.  Impact  Resistance 


Impact  resistance  figures  were  also  determined  for  the 
blocks.  A  satisfactory  impact  resistance  test  was  developed  using  a 
sli^tly  modified  Gardner  impact  tester.  The  method  and  equipment  are 
described  in  detail  in  Appendix  A.  The  apparatus  consisted  of  a 
weight  which  was  dropped  through  a  guide  shaft  onto  the  food  blocks 
from  increasing  heights  until  it  caused  them  to  break.  The  intact 
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range  reported  for  food  blocks  lay  between  the  maximum  drop  height 
for  the  weight  which  would  not  I’esult  in  breakage  and  the  minimum 
drop  height  for  the  weight  which  would  cause  breakage.  As  with  the 
shear  strength  test^  a  series  of  food  blocks  of  various  degrees  of 
hardness  was  tested  in  developing  a  significance  for  the  figures  on 
impact  resistance.  The  results  of  these  trial  tests  with  the  impact 
tester  are  shewn  in  Table  XXVIII. 

The  data  indicated  that  the  following  values  should  be 
specified  as  suitable  im.pact  breaking  ranges  for  future  food  blocks ; 
2-10  in-lbj  for  hard  nonplastic  blocks;  and  10  -  20  in-lb  for 
plastic^  flexible  blocks.  Blocks  falling  within  the  above  ranges 
would  appear  sufficiently  strong  to  meet  the  other  physical  require¬ 
ments^  and  at  the  same  time  would  have  a  satisfactory  biting  and 
chewing  character. 


5.  Equilibrium  Relative  Humidity 


Tvro  preparations  of  the  egg  albumen  binder  used  for  prepar¬ 
ing  prototype  blocks  were  tested  for  equilibriuim  relative  humidity. 

The  mixing  and  drying  procedures  for  preparing  the  binders  duplicated 
those  for  binders  in  the  actual  prototype  blocks.  Pastes  containing 
20  g.  of  water  (Sample  A)  and  25  g.  of  water  (Sample  b)  for  each  20  g. 
of  dry  albimen  were  made  up  and  dried  in  thin  sheets  at  100°F.  The 
dried  preparations  were  tested  for  equilibrium  relative  humidity  at 
78°F^  using  a  slight  modification  of  the  procedure  of  Funk.^  Pro¬ 
cedures  for  preparing  and  testing  the  dried  binders  are  described 
in  detail  in  Appendix  A . 

The  absorption  isotherms  obtained  on  Samples  A  and  B  are 
shewn  in  Figs.  A-2  and  A-3  in  Appendix  A.  The  moisture  content  of 
Sample  A  at  the  start  of  the  test  was  3.9  per-cent.  This  value 
reached  an  equilibrium  level  of  4.3  per-cent  in  an  atmosphere  contain¬ 
ing  11.1  per-cent  relative  humidity^  and  increased  to  an  equilibrium 
value  of  6.7  per— cent  at  22.6  per-cent  relative  humidity.  Progressive 
increases  in  the  moist-ure  content  of  the  sample  occinr-red  at  the  three 
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higher  relative  humidity  levels  tested.  The  initial  moisture  value 
for  Sample  B  was  4.8  per«^cent^  and  this  value  increased  to  equilibrium, 
figures  of  4.3  per-cent  and  6.6  per-  cent^  respectively^  at  11.1  per¬ 
cent  and  22.6  per-cent  relative  humidity.  Progressive  Increases  in 
moisture  content  were  again  shown  at  the  three  higher  moisture  levels 
tested. 


The  results  Indicated  that  the  dried  hinders  maintain  approx¬ 
imately  their  Initial  moisture  content  when  exposed  at  room  temperature 
to  atmospheres  containing  up  to  about  12  per-cent  relative  humidity. 

The  initial  moisture  content  of  the  hinders  produced  satisfactory 
stahillty  in  prototype  blocks  under  accelerated  storage  (see  Section  D 
above).  Therefore^  the  dried  binders  are  considered  stable  when  they 
are  protected  against  atmospheres  containing  not  more  than  12  per-  cent 
relative  huimidity  at  room  temperature.  For  all  practical  purposes^  the 
equilibrium  relative  humidity  values  for  Samples  A  and  B  are  identical. 
This  is  shown  in  Figs.  A~2  and  A-3. 


III.  Discussion 


Two  types  of  adhesives,  wet  and  hot  m,elt,  proved  to  be  the 
best  Joinders  for  forming  blocks  containing  combinations  of  food  com¬ 
ponents  normally  difficult  to  bind.  Conventional  tableting  procedures 
are  frequently  limited  by  the  particle  size  and  flow  characteristics 
of  the  components  being  tableted.  Both  the  wet  and  the  hot  m.e.lt  ad¬ 
hesives  tend  to  minimize  these  difficulties.  Either  method  is  appli¬ 
cable  for  finding  components  having  a  wide  range  of  physical,  and,  chem,- 
ical  characteristics. 

Our  basic  test  formula  consisted  of  50  per— cent  prefried 
bacon,  30  per-^-cent  precooked  rice,  and  20  per“cent  dry  nonfat  milk 
solids.  The  oily  flexible  meat  particles  were  the  most  difficult  to 
bind.  However,  we  were  able  to  form  structurally  strong  blocks  con¬ 
taining  50  per-  cent  prefried  bacon.  We  believe  that  the  size  and 
physical  characteristics  of  these  blocks  established  that  almost  any 
meat  particle  of  any  size  suitable  for  use  in  rations  could  be  made 
into  blocks . 

Flexible  food  components  require  a  supporting  structure  to 
minimize  deformation  under  stress  in  the  finished  blocks.  Rice  was 
a  supporting  structure  in  the  test  blocks .  Without  it  or  an 
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equivalent  supporting  structure^  satisfactory  production  of  test 
formula  Hocks  prolally  would  le  more  difficult. 

Dry  nonfat  milk  was  the  third  component  in  the  experimental 
formula.  We^  therefore^  started  out  by  using  milk  as  an  adhesive^ 
and  were  able  to  show  that  most  of  the  physical  requirements  for  the 
blocks  could  be  met  in  this  way  with  the  bacon^  rice  and  milk  alone „ 
However^  the  milk  had  a  shorter  shelf  life  than  we  considered  desir¬ 
able.  Other  adhesives  were  evaluated  in  an  aftempt  to  malte  up  the 
deficiencies  in  milk.  Some  of  the  other  adhesives  had  further  advan¬ 
tages.  One  of  the  greatest  of  these. was  that  they  would  withstand  pro¬ 
longed  storage  at  high  temperature.  All  of  the  ones  used  extensively 
were  good  dietary  components^  and  the  levels  did  not  exceed  those  which 
might  be  recommended  for  a  well-balanced  diet.  Dried  egg  albumen  was 
selected  as  the  adhesive  to  prepare  the  food  blocks  sent  to  the  sponsor. 

We  felt  that  we  could  produce  prototype  blocks  to  the  desired 
specifications ;  if  we  could  first  produce  basic  test  formula  blocks 
which  met  the  specifications.  Therefore,  our  work  was  first  concen¬ 
trated  on  test  blocks.  Test  blocks  were  palatable  and  chewable,  and 
met  storage  stability  requirements  when  milk  binder  was  replaced  with 
egg.  They  also  resisted  deformation,  except  in  the  upper  moisture 
range,  but  we  showed  that  a  sodium  caseinate -lactose  binder  was  help¬ 
ful  for  added  strength  at  this  point.  Some  of  the  gelatin  hot  melts, 
if  slightly  dry,  probably  would  provide  enough  strength  to  prevent 
deformation  at  the  highest  moisture  level. 

Very  dry  blocks  shattered  on  a  10- ft.  drop,  but  future  work 
with  small  amounts  of  plasticizing  lecithin,  starch,  sorbitol  or 
glycerin  may  help  prevent  this  difficulty.  The  fracture  of  blocks  con¬ 
taining  20  -  25  per-cent  moisture  at  -65°F  is  essentially  that  of  ice, 
and  it  was,  therefore,  very  hard  to  prevent.  One  approach  might  be  to 
make  sure  that  most  of  the  moisture,  particularly  that  in  the  adhesive, 
was  very  finely  emulsified. 

Although  the  mixtures  were  sticky,  it  appeared  that  blocks 
containing  we£,  adhesive  could  be  formed  as  rapidly  as  desired.  This 
might  be  done  commercially  with  an  exfcrudei ,  or  with  a  machine  which 
rolled  the  mix  into  a  series  of  molds  conveyed  on  a  belt.  Thus,  the 
cost  and  capacity  limitations  of  a  high  pressure  tableting  machine 
would  be  avoided . 
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In  our  work;  klocks  made  with  wet  adhesive  had  to  he  dried 
from  12  -  16  hr»  Although  this  time  might  he  cut  down  in  efficient 
commercial  practice;  it  would  he  far  more  appealing  to  do  so  hy  using 
hot  melt  adhesives o  As  described  in  this  report;  the  blocks  made  with 
these  would  require  very  little  drying;  or  none  at  all;  if  the  small 
amount  of  water  in  the  hinder  could  he  tolerated  in  the  formula. 

It  is  probable  that  most  blocks  made  with  wet  or  hot  melt 
adhesives  will  harden  on  prolonged  storage.  If  this  proves  trpe; 
many  ingredients  are  available  which  could  be  selected  and  evalualed 
as  softening  agents . 

Yellowing  can  also  possibly  be  expected  as  another  difficulty 
in  storage.  ¥e  believe;  however;  that  it  is  a  typical  nonenzymatic 
browning  and  can  thus  be  decreased  by  preventing  contact  of  amino  acids 
with  aldehyde  sugars.  Sorbitol  would;  therefore;  seem  like  a  better 
choice  than  glucose  for  hot  melts  made  with  gelatin. 

The  wet  binder  process  appears  adaptable  for  commercial  pro¬ 
duction;  since  it  involves  only  conventional  operations  of  mixing; 
forming;  and  drying.  Even  under  the  best  conditions;  however;  drying 
will  require  several  hours  and  will;  therefore;  represent  the  slowest 
step  in  the  process.  The  hot  melt  procedure;  which  simply  requires 
cooling  of  the  finished  blocks  would;  therefore;  produce  a  considerable 
increase  in  the  production  rate. 

In  production  with  the  latter  process;  melted  adhesive  could 
be  metered  in  at  a  controlled  temperature  over  the  other  ingredients  on 
a  continuous  mixing  conveyor.  Mixing  would  then  continue  for  only  a 
very  short  further  flight  on  the  conveyor.  The  mixture  would  then  go 
to  a  continuous  block  forming  machine.  The  latter  is  pictured  as  con¬ 
sisting  of  a  continuous  belt  made  in  the  form  of  a  grating.  The  open¬ 
ings  in  the  grating  would  have  the  desired  length  and  width  of  the 
blocks  to  be.  formed;  and  would  be  closed  at  the  bottom.  The  mixture 
of  adhesive  with  the  food  ingredients  would  be  pushed  into  these 
openings;  and  cai'ried  along  by  the  belt  until  cool.  The  blocks  would 
then  be  pushed  out  and  further  chilled  to  harden. 
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APPENDIX  A 


SUPPLEMNIARY  I.NPORMATION 


A.  Equipment  and  Testing  Methods 


lo  One  and  one-quarter  inch  steel  die;  The  die  had  been 
used  for  other  projects  and  was  not  constructed  specifically  for  this 
worko  It  had  a  sq.uare  chamber  measuring  l-l/4  in.  x  l-l/4  in.  x 
2-I/2  in.  deep.  The  chamber  was  fitted  with  a  plunger  and  a  detachable 
bottom  plate,  both  of  which  were  dished  to  a  depth  of  I/I6  in.  The  die 
was  either  used  for  compression  of  blocks  or  simply  as  a  forming  mold. 

2.  One  and  one-half  by  three  inch  die;  The  die  was  patterned 
on  the  small  die  above.  It  had  an  inside  width  and  length  of  I-I/2  in. 

X  3  in.  It  was  constructed  of  chrome  plated  steel  and  was  built  to 
withstand  pressures  up  to  5,000  psi.  The  die  chamber  was  2-1/2  in.  deep 
and  had  rounded  corners.  The  die  block  was  in  the  form  of  a  cylinder 
2-I/2  in.  high.  It  measured  4-1/8  in.  in  diameter  over  the  top  2  in,, 
and  4-3/8  in.  in  diameter  over  the  bottom  l/2  in.  The  extra  diameter 

at  the  bottom  strengthened  it  in  order  to  withstand  the  applied  pressure. 
The  die  plunger  was  2-3/4  in.  hi^  and  rounded  at  the  corners  in  order 
to  fit  the  chamber.  The  face  of  the  plunger  was  dished  to  a  depth  of 
I/I6  in.  to  produce  rounded  edges  on  the  blocks.  The  body  of  the  die  was 
mounted  on  a  plate  which  was  dished  in  the  same  manner  as  the  plunger. 
Alignment  of  these  two  parts  was  obtained  by  means  of  pins  in  the  base 
of  the  plate.  A  metal  collar  provided  supports  for  the  die  when  pushing 
out  the  plunger.  The  die  was  used  either  for  compression  of  blocks  or 
simply  as  a  mold. 

3.  Viscosity;  The  viscosity  of  hot  melt  adhesive  suspensions 
was  deteimlned  by  means  of  a  Brookfield  Model  LVP  Viscosimeter, 

4.  Moisture;  Except  in  the  case  of  the  equilibrium  relative 
humidity  determinations,  all  moistures  were  determined  by  means  of  an 
IR  Moisture  Matic  Balance,  made  by  Moore-Milford  Corporation,  Skokie, 
Illinois.  The  samples  to  be  analyzed  were  coarsely  ground  and  laid  out 
on  the  pan  of  the  balance.  The  time  and  temperature  of  heating  were 
then  set  to  predetermined  levels,  which  produced  moisture  values 
corresponding  with  those  obtained  by  other  methods.  The  samples  were 
reweighed  on  the  pan  after  drying,  and  the  loss  in  weight  was  recorded 
as  moisture. 
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5.  Breaking  strength ;  The  Breaking  strength  of  individual 
food  blocks  gave  a  measure  of  their  over-all  resistance  to  disintegra¬ 
tion.  To  obtain  a  numerical  reference  indicating  the  strength  of  each 
block  prepared^  a  modified  Warner-Bratzler  meat  tenderness  tester, 
equipped  with  a  registering  Hanson  Model  60  dairy  scale  was  used.  The 
shear  knife  with  which  this  apparatus  was  originally  equipped  was  re¬ 
placed  with  a  flat  wooden  block,  which  was  drawn  along  the  horizontal 
surface  of  the  tester  in  the  same  way  as  the  shear  knife.  The  food 
blocks  to  be  tested  were  placed  against  a  stationary  steel  block  in  the 
tester,  and  the  wooden  block  was  drawn  up  against  them  mechanically. 

-The  maximum  pressure  attained  before  the  test  food  block  collapsed  was 
registered  on  the  scale.  The  food  blocks  were  arranged  so  that  the 
breaking  pressure  was  applied  laterally,  in  other  words,  parallel 

with  the  long  axis.  Breaking  strength  values  of  10  lb.,  or  greater, 
indicated  solid  well-formed  blocks. 

6.  Ten-foot  drop  test;  When  this  test  was  performed  at 
room  temperature,  the  food  blocks  were  simply  dropped  from  a  height 
of  10  ft.  on  a  cement  floor.  They  were  weighed  before  and  after 
dropping  and  the  per  cent  loss  in  weight  was  recorded  as  the  10-ft. 
drop  loss.  It  represented  the  amount  of  material  lost  from  the  blocks 
due  to  fragmentation.  When  this  value  was  over  40  per-cent,  it  was 
noted  that  the  blocks  had  shattered. 

When  the  10-ft.  drop  loss  test  was  performed  at  100°F,  the 
blocks  were  brought  to  temperature  equilibrium  in  a  100°  cabinet. 

They  were  then  carried  in  a  small  insulated  container,  also  at  this 
temperature,  to  the  top  of  the  ladder  from  which  they  were  dropped. 

They  were  dropped  within  15  sec.  after  removing  them  from  the  oven, 
and  immediately  after  withdrawing  from  the  container,  in  order  to 
avoid  cooling. 

For  performing  the  10-ft.  drop  test  at  -65°F,  a  1,500  ml. 
beaker  was  filled  with  Dowanol  EN,  which  was  cooled  to  -65°  by 
gradually  adding  pieces  of  dry  ice.  The  blocks  were  directly  immersed 
in  the  Dowanol  and  the  temperature  maintained  for  15  min.  by  continued 
addition  of  dry  ice,  with  stirring.  They  were  dropped  on  the  floor 
directly  from  the  Dowanol  bath. 

7.  Deformation;  In  the  method  developed  for  determining 
deformation,  the  changes  in  the  dimensions  of  the  blocks  were  measured 
by  means  of  a  vernier  caliper.  For  running  the  tests,  the  blocks  were 
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wrapped  lightly  in  nonrigid  aluminum  foil  to  prevent  moisture  loss « 
Weights  were  used  for  continuously  applying  pressure  on  the  flat  side 
of  the  small  food  blocks «  The  weights  were  prevented  from  tipping 
over  by  means  of  a  ring  held  in  a.  ring  stand.  The  food  blocks  were 
placed  on  the  base  of  this  stand  and  the  entire  arrangement  set  up  in 
a  constant  temperature  cabinet  at  100°F.  The  weights  used  were  steel 
blocks  cut  from  2  in.  x  2  in.  stocky  and  having  a  length  of  6-15/16 
in.  They  weighed  approximately  7.8  lb.  which  applied  a  pressure  of 
5  psi  on  the  small  test  blocks.  Deformation  was  reported  as  the  per 
cent  decrease  in  the  thickness  of  the  blocks  after  application  of  the 
weight  for  24  hr.  at  100° ^  and  as  the  Increase  in  the  length  and  width 
under  the  same  compression. 

8.  Shear  strength;  Shear"  strength  values  were  obtained 
using  a  modification  of  the  Warner-Bratzler  meat  tenderness  tester. 

The  food  blocks  were  placed  on  edge  in  the  tester with  the  back  side 
against  the  mounting  panel  of  the  tester  which  is  advanced  mechanically 
at  a  steady  rate.  A  specially  constructed  shear  knife ^  with  the  blade 
held  in  a  vertical  position,,  was  mounted  firmly  on  a  wooden  frame. 

This  frame  was  connected  to  the  registering  scale  of  the  tester  by 
means  of  i^ds  and  a  yoke^  in  such  a  way  that  the  food  blocks  were 
pressed  directly  against  the  shear  knife  as  they  were  pushed  forv/ard 
by  the  advancing  mounting  panel.  Thus,  the  scale  registered  the  number 
of  pounds  of  pressure  required  to  push  the  knife  through  the  food  blocks 
from  one  of  the  large  sides  to  the  other;  in  other  words,  through  a 
1/2  in.  thickness  in  a  typical  food  block. 

The  shear  knife  was  made  from  a  0,060  in.  sheet  of  black  iron, 
cut  in  the  form  of  a  2  in,  x  3  in.  rectangle.  One  of  the  2: jin.  sides 
served,  as  a  blade.  The  blade  was  made  by  milling  a  45°  bevel  across 
the  f8.ce  of  this  side ,  The  sharp  tip  of  the  bevel  was  rounded  off  on 
a  grinding  wheel  over  approximately  l/3  the  thickness  of  the  knife, 
back  about  0.020  in,  from  the  original  edge  of  the  knife  in  the  direc¬ 
tion  of  the  opposite  surface.  The  blade  was  mounted  so  that  it  cut  a 
small  food  block  all  the  way  across  its  l-l/4  sq,  in,  face. 

To  determine  the  shear  strength  of  a  block,  the  block  was 
placed  in  the  mounting  panel  of  the  machine.  The  motor  was  turned 
on  and  the  block  pressed  against  the  shear  knife  until  the  knife  cut 
it  in  half.  The  maximum,  pressure  required  for  this  cutting  was  recorded 
on  the  sceile ,  A  photograph  showing  the  operation  of  the  shear  strength 
tester  is  presented  in  Fig.  A-1, 
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Fig.  A-1  Operation  of  Shear  Strength  Tester 


9<,  Impact  resistance;  Impact  resistance  was  determined  ty 
means  of  a  slightly  modified  Gardner  impact  tester ,  which  has  heen 
described  in  detail  hy  its  developers  .'i/  The  tester  was  equipped- with 
a  cylindrical  metal  impact  weight,  which  is  dropped  through  a  guide 
tube  onto  the  sample  to  be  tested.  In  applying  the  Gardner  tester  to 
food  blocks,  the  blocks  were  arranged  so  that  the  large  sides  were  at 
■9^0°  to  the  path  of  the  impact  weight,  and  in  such  a  position  that  the 
weight  would  hit  in  the  center  of  the  blocks.  The  food  blocks  were 
supported  by  a  1  in.  block  of  hardwood,  moun-ted  solidly  on  the  bottom 
frame  of  the  tester.  The  face  of  the  impact  weight  contained  a  l/2  in. 
diameter  steel  ball,  mounted  in  the  center  of  the  weight  and  imbedded 
up  to  1/2.  of  its  diameter.  The  remainder  of  the  face  of  the  impact 
weight  was  bevelled  back  from  the  ball  at  a  45°  angle  to  the  long  axis 
of  the  weight . 

Breaicage  for  any  food  block  under  impact  was  defined  as  the 
condition  under  which  pieces  of  the  block  cleanly  separated,  or  under 
which  a  crack  opened  in  the  block  in  such  a  way  that  the  two  sides 
were  completely  separated. 

The  impact  breaking  range  for  any  series  of  food  blocks  lay 
between  the  maximum  impact  which  would  not  cause  breakage  and  the 
minimum  impact  which  would  cause  breakage.  Eanges  were  reported  in 
inch-pounds . 

10.  Equilibrium  relative  huinidity.*  Equilibrium  relative 
humidity  was  determi'ned  on  two  samples  of  egg  albumen  binder  which 
were  prepared  i'n  exactly  the  same  manner  as  when  they  were  used  in 
the  prototype  blocks.  Paste  Sample  A  was  made  up  with  100  g.  of  dry 
egg  albumen  and  100  g.  of  water;  and  Paste  Sample  B  was  made  up  with 
100  go  of  dry  egg  alb-umen  and  125  g.  of  water.  The  initial  lumps  of 
dry  albumen  were  broken  by  stirring  vigorously  for  15  min.  in  a  beaker. 
The  pastes  were  then  covered  and  held  in  a  refrigerator  for  6  hr.  Dur¬ 
ing  this  period,  they  were  mixed  three  times .  The  pastes  were  then 
spread  on  aluminum  trays  to  a,  controlled  depth,  using  a  scraper  with 
clearance  bars  which  held  it  1/16  in,  above  the  trays.  The  samples  on 


!•/  Gardner,  Henry  A,,  and  Sward,  C.  G,,  "Physical  and  Chemical  Exam¬ 
ination  of  Paints,  Varnishes,  Lacquers,  and  Colors,"  Henry  A. 
Gardner  Laboratory,  Inc.,  Bethesda,  Maryland,  11th  Edition, 
p,  188A  (January,  1950). 
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the  trays  were  dried  16  hr.  in  a  circulating  warm  air  oven  at  100°F. 

The  dry  material  was  broken  into  a  powder  which  passed  a  6-mesh  screen 
and  was  held  in  a  tightly  sealed  jar  until  tested. 

The  samples  of  dried  egg  albumen  binder  were  tested  for 
equilibrium  relative  humidity  by  a  procedirre  based  on  that  of  Funk..:=/  > 

One  gallon  pinch  top  cans  served  as  relative  hiunidity  chambers .  A 
1^500  ml.  beaker  was  placed  in  each  can^  and  the  beakers  contained 
saturated  salt  solutions  at  a  depth  of  about  l/2  in.  in  order  to  main¬ 
tain  constant  relative  himiidity.  The  egg  albiomen  samples  were  placed 
in  93  X  15  mm.  Petri  dishes.  They  were  spread  evenly  across  the  bottom 
of  the  dishes  at  a  uniform  depth  of  about  l/l6  in.  The  dishes  were 
suspended  in  the  beakers  at  a  distance  of  2  in.  above  the  saturated 
salt  solutions  by  means  of  wire  stirrups.  After  the  samples  had  been 
arranged  in  the  dishes j  the  cans  were  sealed  and  the  moisture  content 
of  the  samples  was  allowed  to. come  to  equilibrium  under  the  constant 
humidities  maintained  by  the  salt  solutions  at  a  temperature  of  78°F. 

The  constant  humidity  test  chambers  were  held  in  a  constant 
temperature  room  at  78  t  2°F.  Six  constant  humidities  were  maintained 
for  each  sample  by  means,  of  saturated  salt  solutions  as  follows: 

IdCl2  “  11 •!  per-cent  R.H.j  KC2H3O2  -  22.6  per-cent  R.H.;  KCWS  -  45.3- 
per-cent  R.H.j  NaBr  -  57.8  per-cent  R.H.j  WaC2H3C^  -  73.6  per-cent  R.H.j 
and  HH4H2PO4  -  92.2  per-cent  R.H.  At  the  end  of  each  day  of  storage., 
the  dish  from  each  chamber  was  briefly  removed.,  covered  and  weighed  in 
order  to  determine  .the  weight  of  the  contents.  The  daily  weighings 
were  continued  until  each  sample  reached  a  constant  weight.  The 
moisture  content  of  each,  sample  was  then  determined  by  the  A.O.A.C. 
vacuum  oven  method.  Samples  of  the  dried  binders  which  had  not  been 
exposed  to  humidity  after  drying  were  similarly  analyzed.  Absorption 
isotherms  for  Samples  A  and  B  were  prepared  by  plotting  the  moisture 
content  of  each  stored  sample  against  the  relative  humidity  at  which 
it  had  been  stored  (see  Figs.  A-2  and  A-3). 


']J  Funk.,  Wlllmer  k. ,  Modern  Packaging,  20,  135  (l947). 
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B.  Ingredients 


Bacon  (Prefried) 
Beef  (Dried) 


Beeswax 
Cerelose 
Chicken  (Dried) 


Coconut  (Shredded) 

Coconut  Butter  (Hydro¬ 
generated  to  98°  melting 
point ) 

Cornstarch^  Pregelatinized 

Cornstarch;  Ungelatinized 

Cracker;  (All  Purpose 
Survival  Ration) 

Egg  Alh-umen 

Erodex  24 

Gelatin  (Centura) 

Gelatin  (Pharmaceutical 
grade ) 

Gloro  20  (Completely 
■  hydrogenated  coconut 
oil) 

Gum  Tragacanth 

Lactose 

Lecithin 


Os  car -Mayer;  Madison;  Wisconsin,, 
Quartermaster  Corps  (Beef;  ground; 
precooked;  dehydrated  —  Limited 
Production  Purchase  Description 
LP/P.  DES  C-182-62;  20  June  1962). 
White;  UoS.P.;  Matheson;-  Coleman  8s  Bell; 
Cincinnati;  Ohio. 

Glucose;  Corn  Products  Sales  Company; 
New  York. 

Quartermaster  Corps  (Chicken  pieces ; 
precooked  freeze-dehydrated;  Interim 
Purchase  Description;  IP-DES  CS-5-1; 

15  May  1961). 

"Baker's";  General  Poods  Corp.;  White 
Plains;  New  York. 


S.  W,  Woggle  Company;  Kansas  City; 
Missouri. 

WOo  78-1215;  National  Starch  Products; 
Inc . ;  New  York . 

"Argo";  Corn  Products  Sales  Company; 

New  York. 

Limited  Coordination  Military  Specifi¬ 
cation;  MIL-C-43057  (QMC)  17  January 
1962. 

S,  W,  Noggle  Company;  Kansas  City; 
Missouri . 

American  Maize  Products;  New  York. 

Swift  and  Company;  Chicago;  Illinois. 

Swift  arid  Company;  Chicago;  Illinois . 

Proctor  and  Gamble  Company; 

Cincinnati;  Ohio 

Stein;  Hall  and  Co.;  InQ.;New  York. 
Sheffield  Chemical;  Norv/ich;  New  York. 
"Sta-Sol  UP";  A.E.  Staley  Manufa-cturing 
Company;  Decatur;  Illinois 
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Milk  (Nonfat  dry) 


Myrj  52 

Peanuts  (Defatted)  (lO  Ho 
Expeller  Meal) 

Peanuts  (Dry  Roasted) 

Rice  (Precooked ) 

"Sheftene"  Sodium 
Caseinate 

Sorlitol  (Crystalline) 
Sorlo 

Soybean  Expeller  Cake 
Soy  Grits 
Wheat  Flour 


Carnation  Instant  Nonfat  Dry  Milk 
Carnation  Company^  Los  Angeles^ 
California. 

Atlas  Powder  Company,  Wilmington, 
Delaware . 

Planter's  Peanut  Div.,  Standard  Brands 
Inc.,  Suffolk,  Virginia. 

Planter's  Peanut  Div.,  Standard  Brands 
Inc.,  Suffolk,  Virginia. 

Minute  Rice,  General  Foods  Corporation 
Battle  Creek,  Michigan. 

Sheffield  Chemical,  Norwich, 

New  York. 

Atlas  Chemical  Industries,  Inc., 
Wilmington,  Delaware. 

Atlas  Chemi'cal  Industries,  Inc., 
Wilmington,  Delaware. 

A.  E.  Staley  Manufacturing  Company, 
Decatur,  Illinois. 

A.  E.  Staley  Manufacturing  Company, 
Decatiar,  Illinois. 

Queen  of  the  Pantry,  Waggoner -Gates 
Milling  Company,  Independence, 
Missouri. 

Hercules  Powder  Company,  Wilmington, 
Delaware . 


Wheat  Gluten 
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TABHE  I 


BKEAKIMG  STRENGTH  AND  FAT  LOSS  IN 
SMALL  BASIC  TEST  K)EM]LA 
BLOCKS  COMPRESSED  WITHOUT  BINDER  ■ 


Pressure 

(Ih.) 

Dvzell  Time 
( sec  0 ) 

Fat  Loss—/ 

ii) 

Breaking 

Strength 

(lb.) 

500 

3 

3.0 

1,0 

500 

15 

3.7 

1.6 

750 

3 

4.0 

0.6 

750 

15 

5.4 

1.7 

’‘L'^OOO 

3 

2.8 

1.3 

2,000 

3 

5.6 

2.1 

2,000 

15 

7.5 

2.1 

3,000 

3 

6.4 

1.8 

4,000 

3 

6.7 

1,8 

a/  The  loss  in  weight  of  the  Blocks  on  compression  was  assumed  to  he 
entirely  in  the  form  of  pressed-out  fat. 
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TABLE  II 


EFFECT  OF  VARIOUS  HIBTREATMENTS  OF  THE  RICE  IN 
SMALL  BABIC  TEST  FORMULA  BIDCKS  MADE  WITH  GROUMD 
BACON  ^  GROUND  RICE^/  MD  1:1  MELK  BINDERb/ 


Temp.  °F  Breaking  Strength 

Pretreatment  of  Mix  when  Moisture  Range  for  Blocks  Block  Loss  on 
of  Rice  Binder  Added  {jo)  _ (lb. ) _  10- ft.  Drop  Test 


No  pre treat¬ 
ment 

70 

9.5 

4-6 

3  out  of  5 

Adjusted  to 

ZQffo  moisture 

70 

9 .5 

7-9 

blocks 

shattered 

No  data 

Held  2  hr.  with 

bacon  at  room 
temperature 

70 

9.5 

7-12 

0  out  of  5 

Held  2  hr.  with 
bacon  at  140°F 

140 

9.5 

3-4.5 

blocks 

shattered 

2  out  of  5 

Held  2  hr .  with 
bacon  at  140°F 

70 

9.5 

5-9.6 

blocks 

shattered 

3  out  of  5 

Rice  and  bacon 

mixed  5  min. 
by  hand 

70 

9,5 

9-11 

blocks 

shattered 

0  out  of  5 

blocks 

shattered 

a/  16-20  mesh. 

b/  One  part  dry  nonfat  milk;  solids  to  one  part  water  by  weight. 
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TABIiE  III 


EFFECT  OF  VARIOUS  PRETEEAIMEMTS  OF  THE  RICE  IN 
SMALL  BASIC  FOBMULA  BLOCKS  MADE  WITH  S/S-INCH 
BACON,  WHOLE  RICE,  AED  1;1  MILK  BINDER 


Pretreatment  of  Rice 


Moisture 
in  Blocks 


Average 
Breaking 
Strength  of 
BlocksS/ 
(lb.) 


Average 
10-ft .  Drop 
Loss  of 
Blocks 

iio) 


None 

Held  2  hr.  with  hacon 

9.5 

19.9 

at  room  temperature 
Held  with  "bacon  1  hr. 
at  100 °F^  mixture 
cooled  to  room 
temperature  Before 

9.5 

20.3 

adding  Binder 

Held  with  Bacon  1  hr. 
at  150 °F,  mixture 
cooled  to  room 
temperature  Before 

9.5 

25.6 

adding  Binder 

Held  with  Bacon  2  hr. 
at  100 °F;  mixture 
coO.led  to  room 
temperature  Before 

9.5 

25.7 

adding  Binder 

Held  with  Bacon  1  hr. 
at  100 °F^  Binder 
added  to  warm 

9.5 

24.5 

mixture 

9.5 

23.6 

1.2 


1.2 


1.0 


0.6 


1.3 


0.8 


^  Each  average  for  "breaking  strength  and  drop  loss  was  esta"blished 
with  from  5  to  18  "blocks. 
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TA3LE  IV 


EZFECT 

OE  AGING  ON 

SMALL  TEST 

BLOCKS^/ 

Binder 

Composition 

Moisture 

in  Blocks 

.  .  ii) 

Days  of 
Storage 

Breaking 

Strength 

(lb.) 

’jo  Deformation  in 

24  hr.  under  5  psi 
Pressure  at  100 °F 
Vertical  Lateral 

Shrinkage  Ejcpansion 

iio)  ii) 

1:1 

Nonfat  dry 

1 

milk 

+ 

Water 

21 

0 

5.4 

38 

10 

M 

11 

3 

7.8 

11 

4 

M 

If 

5 

12.3 

18 

19 

M 

II 

7 

13.1 

15 

3 

If 

11 

10 

14.3 

16 

4 

n 

n 

14 

12.5 

9 

6 

2:  7 

Sodium 

caseinate 

+ 

Water 

24,5 

0 

12.3 

35 

7 

If 

If 

3 

Crushed 

28 

11 

11 

II 

5 

It 

32 

10 

If 

If 

7 

It 

38 

19 

If 

II 

10 

tl 

37 

15 

11 

If 

14 

tl 

29 

9 

a/  50^  iDacon;  30^  rice  and  20^  dry  nonfat  milk  solids  or  sodium 


caseinate , 


-  51  - 


TABUH  V 


BREAKING  STRENGTH  OF 

SMALL  TEST  BLOCKS 

PREPARED 

WITH  A  20^0  STARCH  BINDER 

AND  VARIOUS  LEVELS 

OF  MOISTURE 

Grams 

Water/20  g 
of  Binder- 

Moisture 

in  Dried 

Block 

Average 
Breaking 
Strength 
of  Blocks 

Series 

Ingredients 

ii) 

.  (ID.) 

A 

20 

22.6 

3.0 

20 

19.8 

5.7 

20 

13.6 

13.7 

B 

30 

28.3 

2.5 

30 

25.8 

3.7 

30 

20.0 

10.8 

C 

40 

29.5 

3.7 

40 

22.8 

9.2 

40 

20.1 

14.1 

D 

50 

29.5 

2.5 

50 

26.4 

10.6 

50 

23.8 

11.2 
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TABIxE  VI 


EI:E!ECT  of  the  bevel  of  waier  used  in  a  binder  consisting 

OF  90^0  NONFAT  DRY  MELK  AMD  10^  IWSTMT  CORNSTARCH 


Grams  of  Water 

Used  for  20  g. 
of  Binder 

Mixture 

Moisture  in 

Dried  Block 

iio) 

10- ft. 

Drop 

Loss 

ifo) 

Breaking 

Strength 

(l-b.) 

20 

17.7 

1.5 

9.6 

30 

19.9 

0.3 

12.1 

40 

21.5 

0.8 

12.8 

TABLE  VII 

EFFECT  OF  FINAL  MOISTURE  CONTENT  ON  THE  BBEAKING  STRENGTH 
OF  SMALL  TEST  BLOCKS  MADE  WITH  lOfo  INSTAET  STARCH  BINDER 


Moisture  in 

Breaking 

Dried  Block 

Strength 

li) _  (!!:>») 


27.4 

5.1 

25,6 

7.2 

24.0 

11.8 

22,2 

10.8 

19,7 

14.8 

16.3 

15.2 

17.0 

15,0 

53 


TABLE  VIII 


EEFECT  OF  ADDITIVES  TO  THE  MCLK-WATER  BINDER  FOR  SMALL  TEST  BLOCKS 


Average  Breaking 

Composition  of  Binder  Moisture  Strength  of 
Dry  Milk  Cerelose  Water  in  Block  Blocks 

(go )  (go)  (go)  ii) _ (iHo) _ 


Average  10- ft. 
Drop  Loss  of 
Blocks 

ii) 


20 

5 

20 

9.5 

23.7 

0.6 

20 

5 

25 

9.5 

26.1 

0.7 

20 

10 

25 

9.5 

18.2 

0.6 

20 

5 

17 

9,5 

21.5 

0.5 

20 

- 

20 

9.5 

22.5 

0.7 

20 

5  go 

glycerol 

20 

9.5 

1.3 

Blocks  bent  rather  than 

broke . 

TABLE  IX 


EFFECT  OF  REPLACING  MILK  WITH  CERELOSE  IN 

THE 

1:1  MILK 

BINDER  FOR 

SMALL  TEST  BLOCKS 

Average 

Breaking 

Average  10- : 

of  the  Milk 

Moisture 

Strength 

Drop  Loss 

with  Cerelose 

in  Blocks 

of  Blocks 

of  Blocks 

iio) 

iio) 

(lb.) 

iio) 

0 

9.5 

25,2 

0.7 

25 

9.5 

22,7 

0,9 

50 

9.5 

14.5 

2,1 

75 

9.5 

7.1 

1.5 

100 

9.5 

a/ 

20.0 

a/  Too  low  to  read. 
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TABLE  X 


EFFECT  OF  CORNSTARCH  IN  THE  BIMBER  OF 
SMALL  TEST  FOJMULA  BLOCKS  (COOKED  AFTER  MOLDIHC) 


Series 

Level 

for 

Raw 

Starch 

in 

Binder 

{f) 

Moisture 

Content 

of 

Blocks 

iio) 

10-ft . 
Drop 
Loss 
(Room 
Tempera¬ 
ture) 

{i)  _ 

Wet 

10.. 

16 

<  1 

Wet 

20 

16 

,  <  1 

Wet 

40 

14 

<  1 

Wet 

m 

Control 

lOio 

instant 

starch 

90fo 

15.5 

.V...  9 

NFD  milk  22 . 5 

<  1 

Dry 

20 

11.5  . 

<  1 

Dry 

80 

8 

12.5 

i  Control 
lOfo 

instant 

starch 

KPD  milk  10  1.3 


^  Deformation  in 

24  hr.  Under  5  psi 
Pressure  at  100 °F 

Breaking 

Strength 

(lb.) 

Vertical 

Shrinkage 

iio) 

Lateral 

Expansion 

iio) 

>  10 

<  10 

10.9 

10 

<  10 

14.8 

>  10 

<  10 

Wot  run 

>  10 

<  10 

..JSfot  run 

>  10 

<  10 

7.7 

<  10 

<  10 

_  16.5 

10  Not  rim  8.3 


10  10  18.0 


TABLE  XI 


EEFECT  OF  WHEAT  FLOUR  IN  THE  BINDER  OF  SMALL  TEST 
EORMULA  BLOCKS  (COOKED  AFTER  M3LDIMG) 


Series 


Level  for 
Flour  in 
Binder 


Moisture 
Content 
of  Blocks 


%  Deformation 
in  24  hr.  Under  5  psi 
Pressure  at  100°F 


Vertical 

Shrinkage 


Lateral 

Expansion 


Breaking 

Strength 

(I'b.) 


Wet 

Wet 


40 

80 


19,9 

21.2 


15 

31 


<  10 
>  10 


5.8 

2.1 


Control 

10^0 

instant 


starch 

20.0 

Dry 

10 

14.6 

Dry 

20 

14.6 

Dry 

40 

15.1 

Dry 

80 

15.5 

Control 

lO/o 

instant 

starch  15.0 


>  10 

>  10 

7.7 

14 

<  10 

11,0 

18 

<  10 

10,6 

15 

<  10 

7,1 

29ji 

>  10 

4,0 

>  10 

<  10 

13,2 

56 


TABLE  XII 


EFFECT  OF  WATER  LEVEL  USED  IN  MAKING  UP  A  SMALL  TEST  BLOCK  BINDER 
CONSISTING  ENTIEELY  OF  WHEAT  FLOUR  (COOKED  AFTER  FORMING) 


Grams  of 

Water  for 

20  g.  of 
Flour 

Moisture 

Content 

of  Blocks 

(i) 

^  Deformation  in 

5  psi  Pressure 
Vertical 

Shrinkage 

iio) 

24  hr.  Under 
at  100 °F 
Lateral 
Expansion 
iio) 

Breaking 

Strength 

(lb.) 

30 

11.6 

21 

11 

3.0 

25 

12.2 

13 

5 

4.2 

20 

14.0 

15 

3 

4.9 

15 

12.4 

13 

3 

4.6 

10 

13,4 

19 

8 

4.3 

TABLE  XIII 

DEFORMATION  AND  BREAKING  STRENGTH  OF  SMALL  TEST  FORMULA 

BLOCKS  MADE  WITH  SODIUM  CASEINATE  BINDER 

Grams  of 

Water  for 

20  g.  of 
Sodium 

Caseinate 

Moisture 

Content 

of  Blocks 
iio) 

io  Deformation  in 

5  psi  Pressure 
Vertical 

Shrinkage 

iio) 

24  hr.  Under 
at  100 °F 

Lateral 

Expansion 

iio) 

Breaking 

Strength 

(lb.) 

40 

18,7 

24 

10 

17.6 

50 

20.3  > 

35 

7 

20.0 

60 

21 

25 

5 

20.4 

Control: 

20  g.  dry 
milk  plus 

20  g .  water 

14.3 

12 

1 

14.7 

16  g.  sodium 
caseinate^ 

4  g.  lactose 
20  g,  water 

0 

19 

16 

4 

19.0 
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TABI£  XIV 


DEFORMATION  AMD  BREAKING  STRENGTH  OF  SMALL  lEST  FORMULA 
BLOCKS  MADE  WITH  SODIUM  CASEINATE  BINDER 
(SECOND  SERIES) 


Grams  of 

Water  for 

20  g.  of 
Sodium 

Caseinate 

Moisture 

Content 

of  Blocks 
iio) 

^  Deformation  In 

5  psl  Pressure 
Vertical 
Shrinkage 
iio) 

24  hr.  Under 
at  100 °F 
Lateral 
Expansion 

ii) 

Breaking 

Strength 

(IL.) 

55 

12.3 

3 

0 

>  30 

70 

11.4 

0 

0 

>  30 

85 

- 

0 

0 

>  30 

Control:  20  g. 
dry  ml  IE.  plus 

20  g.  water  12.8 

6 

0 

25.7 
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TABLE  XV 


DETORMATIOM  AND  BREAKING  STRENGTH  OF  SMALL  TEST  TORMULA 
BLOCKS  MADE  WITH  EGG  ALBUMEN  BINDER 


Series  of 

Grams  of  Moisture 

Water  for  Content 

20  go  of  of  Blocks 
Series  Egg  Albumen  (^) 

^0  Deformation  in 

5  psi  Pressure 
Vertical 

Shrinkage 

iio) 

24  hr.  Under 

at  100 

Lateral 

Expansion 

ii) 

Breaking 

Strength 

(iko) 

Uncooked  15 

12o0 

6 

0 

10o9 

Uncooked  20 

12  o8 

9 

3 

16  oO 

Control:  20 
go  dry  milk 
plus  20  go 
water 

13o4 

21 

3 

17  0.7 

Cooked  20 

12  o4 

6 

0 

19.5 

Cooked  25 

11.4 

11 

3 

19.8 

Control:  20 
g.  dry  milk 
plus  20  go 
water 

14o0 

12 

3 

19.2 
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RESULTS  OBTAINED  IN  STRAIGHT  PRESSURE  TABLETIUG 
EXPERMENTS  ON  MODIFIED^/  BASIC  FORMULA  SMALL~ 
BLOCKS  MADE  WITH  DUSTED  BACON 
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TABLE  XVI  (Continued) 
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TABLE  XVI  (Continued) 


] 


a 

•H 

S 

CD 

P!  o 

+ 

+ 

+ 

+ 

t 

+ 

+ 

1 — 1 

o  o 

+ 

+ 

+ 

+ 

+ 1 

+ 

+ 

+1 

+ 

+ 

0) 

•H  rH 

n 

-p  pq 

-p 

m 

ch 

o 

to 

CD 

CD 

CVJ 

o 

to 

o 

1 — 1 

m 

1 

1 — 1 

CD 

o 

OJ 

o 

O 

o  ^ 

1 — ! 

1— i 

cd 

1 — 1 

-p 

PM 

CO 

O 

• 

fi 

Pi 

-p*  o 

« 

ch 

1 — 1 

1 — 1 

to 

CVJ 

CVJ 

CVJ 

O 

1— i 

1— i 

to 

to 

o 

rH 

o 

•H 

CQ 

PM 

bD 

a  • 

i  OJ 

C£) 

to 

OJ 

d) 

a 

(U  /2 

• 

• 

• 

• 

• 

• 

Pi 

•H 

P  rH 

o 

to 

OJ 

to 

(^J 

O 

o 

o 

o 

1 — ! 

FQ 

4J  ^ 

CO 

1 

- — 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

M 

m 

OJ  . 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

pi 

o 

cu 

p  p 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Ctl 

P 

P  rH 

r, 

•N 

■s 

EH 

PM 

- - 

to 

CVJ 

OJ 

CVJ 

CVJ 

CVJ 

CVJ 

CVJ 

lO 

to 

P! 

<D 

O  1 

rH 

<u 

4 

o 

tJ 

a 

ct3  3 

•H 

•H 

*rH 

W  PM 

•p 

CO 

CO  -"Jt  CO 

to  rH  to  rH 


cu 

1 — ! 

H 

0) 

(U 

rH 

CQ 

o 

o 

CQ 

w  o 

p 

o 

p> 

p> 

X 

X 

'd 

'Cd 

0 

c 

■p 

□ 

OJ 

1 — 1 

*iH 

*fH 

<u 

(U 

PI 

0) 

□ 

a; 

H 

r— 

•H 

p 

Itj 

cue 

D! 

D! 

rb 

ti 

3 

o 

p 

o 

(U 

(U 

o 

P! 

o 

■•p 

p 

p 

o 

o 

o 

*fH 

o 

•fH 

p 

p 

p 

p 

•rj 

CVI 

<u 

o 

o 

u 

p 

p 

u 

p 

(U 

(U 

o 

ct 

m 

o 

CQ 

CQ 

Pm 

o 

o 

CO 

c 

CQ 

hO 

Pi 

Pi 

PI 

Pi 

PI 

Pi 

pj 

•fH 

cu 

<u 

<u 

<D 

(U 

cu 

(U 

•fH 

•r 

•H 

•H 

p 

-p 

-p 

-p 

-p 

-p 

-p 

-p 

-p 

-B 

-p 

-p 

-p 

-p 

-p 

a 

a 

a 

0) 

to 

cd 

pi 

cd 

3 

cd 

3 

cd 

;=J 

cd 

pi 

cd 

3 

cd 

pi 

CQ 

HH 

1 — ! 

(D 

1 — 1 

(U 

I — ! 

(D 

1 — I 

(D 

1 — 1 

d) 

rH 

(U 

1 — J 

(U 

1 — ! 

pi 

cci 

c~] 

bO 

c~] 

bO 

c] 

bO 

p, 

w 

r] 

bO 

bO 

PH 

bO 

p 

p 

p 

s 

5 

5 

5 

5 

rs 

IS 

n 

n 

n 

m 

(U 

•H 

a; 

cn 


ID 


62 


TABIiE  XVI  (Concluded) 
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TABLE  XVII  (Concluded) 
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SUBJECTIVE  OBSERVATIONS  OF  CENTURA.  GELATIN  -  CERELOSE 

HOT  MELT  ADHESIVES 
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TABLE  XVIII  (Concluded) 
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TABIE  XX 


EFFECT  OF  RICE  FAETICIJ:  SIZE  ON  THE  VISCOSITY  MB  AMOUNT 
OE  "POUR  ON"  ADHESIVE -REQUIRED  K)E  BASIC  FORMULA.  BLOCKS 


Block  Type 

A 

B 

C 

Rice  particle  size 

Whole 

10-14  mesh 

16-20  mesh 

Voliame  of  5  g.  bacon  (s/s") 
plus  3  g .  rice  tamped  in 

50  ml.  beaker^  ml. 

14.5 

12.5 

11.5 

Approximate  maximum  vis¬ 
cosity  of  a  gelatin  - 
cerelose  hot  melt  which 

J 

will  completely  penetrate 
tamped  bacon-rice^  cps. 

700 

300 

60 

Approximate  amount  of 
adhesive  required  to 
completely  fill  spaces 
in  tamped  bacon-rice^  g. 

10 

8 

6 

Calculated  percentage  of 
voids  in  blocks  (assuming 
adhesive  runs  1  cc/g). 

69 

64 

52 

Amount  of  adhesive  in 

bacon-rice-adhesive  mix¬ 
ture  ,  °lo , 

41 

39 

34 
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TA.BLE  XXI 


COMPOSITION  MD  CALCUIATED  ANALYSIS  OF  THE  SIX  PROTOTYPE  BLOCKS 
SELECTED  IDR  STORAGE  TESTING  AND  SHIPMENT  TO  THE  SPONSOR 


C-3 


B-1 

B-2 

B-3 

Soy- 

E-3: 

D-2 

Formula 

Bacon 

Chicken 

Beef 

Cracker 

Peanut 

Coconut 

Composition,  io 

Pre fried  Bacon 

45 

- 

- 

- 

- 

- 

Precooked  freeze- 

dried  chicken 

- 

50 

- 

- 

- 

Dried  Beef 

- 

~ 

50 

- 

Soy  grits 

- 

- 

- 

30 

- 

Cracker 

- 

18 

30 

30 

- 

- 

Peanuts 

- 

- 

- 

- 

50 

- 

Coconut 

- 

- 

- 

- 

- 

50 

Precooked  rice 

35 

- 

- 

- 

30 

30 

Coconut  fat 

- 

12 

- 

20 

t  _ 

EggialBumen 

20 

2^' 

20 

20 

20  ■ 

20 

■ 

Analysis 

Moisture^  ^ 

9.1 

4,5 

5.5 

6.3 

■  3,1 

3,4'j 

Protein^  ^ 

31.5 

55.0 

43.0 

32.4 

33,2 

20.9  ^ 

Fat,  io 

24.9 

22.6 

25.2 

23.0 

22.2 

19.7 

Ash,  io 

3.7 

3.3 

2.3 

3.1 

2„4 

1.4 

CarBohydrate,  io 

30.5 

13.6 

21,8 

33.1 

38,1 

52.9 

FiBer,  io 

0.1 

0.4 

0.4 

1.1 

1,3 

2.1 

Calories/gram 

4,87 

4.80 

4.91 

4.40 

4,74 

4.74 

Calories/ounce 

138 

136 

139 

125 

134 

134 
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EROCEDUEES  KDR  EREPAEING  THE  PROTOTYPE  BLOCKS  SELECTED  EOR 
STORAGE  TESTING  AND  SHIPMENT  TO  THE  SPONSOR 
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TABLE  XXIII  (Continued) 
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TABDE  XXIII  (Concluded) 
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TABLE  XKIV 


EFFECT  OF  THREE  M3NTHS '  STORAGE  AT  100 °F  ON  THE 
PHYSICAL  PROPERTIES  OF  PROTOTYPE  BLOCKS 


^  Deformation  in 
24  hr.  Under  5  psi 


Formula 

Moisture 

iio) 

Breaking 

Strength 

(lb.) 

10-ft. 

Drop  Loss 
(Room  temp. ) 

{i) 

Pressure  at  100°F 

Vertical  Lateral 
Shrinkage  Expansion 

{i)  [io) 

B-1  Bacon 

Fresh^/ 

14.1 

21.3 

- 

6 

0 

Stored 

-t/ 

22.1 

1.8 

0 

0 

B-2  Chicken 

Fresh 

5.3 

30 

0.9 

0 

0 

Stored 

- 

3C£/ 

8.5 

5 

0 

B-3  Beef 

Fresh 

4.3 

30 

0.4 

0 

0 

Stored 

22.6 

0.3 

0 

0 

C-3  Soy  Cracker 

Fresh 

5.5 

30 

0.4 

3 

1 

Stored 

- 

50 

0.1 

6 

0 

D-1  Peanut 

Fresh 

12.4 

30 

0.5 

6 

0 

Stored 

- 

30 

0 

0 

0 

D-2  Coconut 

Fresh 

11.0 

18 

1 

28 

5 

Stored 

- 

30 

4.3 

5 

0 

a/  The  values  were  obtained  on  a  separate  series  of  blocks^  prepared  before 
the  storage  test. 

b/  Moisture  was  not  run  on  the  stored  blocks ,  Since  they  were  stored  in 
sealed  jars^  it  can  be  asstuned  that  the  moisture  loss  was 
negligible . 

c/  The  figure  "30"  represents  a  breaking  strength  of  30  lb.  or  more. 
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TABIiE  XXV 


PHYSICAL  TEST  RESULTS  ON  SIX  PROTOTYPE  BLOCK 
FORMULAS  SHIPPED  TO  THE  SPONSOR 


C-3 


B-1 

B-2 

B-3 

Soy- 

D-1 

D-2 

Formula 

Bacon 

Chicken 

Beef 

Cracker 

Peanut 

Coconut 

Breaking 

strength;  lb. 

12.5 

302:/ 

30 

29.6 

30 

30 

10-ft,  drop 
loss^  io 

Shear  strength^ 

Ih, 

Impact  resistance 
range ;  Ih . 


a/  The  figure  "30 


4,9 

lo5 

0.3 

16,0 

1.3 

3.0 

9.3 

33.6 

27.4 

14,6 

32.9 

35 .0 

1-2 

4-5 

20-22 

1-2 

5-6 

2-3 

"  indicates  a  breaking  strength  of  30  lb»  or  higher. 
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TA3LE  XXVI 


EimCT 

OF  FINAL  MOISTURE  CONTENT  ON  THE  DEFORMATION  OF 

FORMULA  BLOCKS  MADE 

WITH  10^0  INSTANT 

STARCH  BINDER 

Basic 

^  Deformation 

in  24  hr.  under  5  psi 

Moisture  Content 

Pressure 

of  Blocks 

Temperature 

Vertical  Shrinkage  Lateral  Expansion 

iio) 

(°F) 

ii) 

iio) 

18 

75 

4 

1 

100 

4 

3 

23 

40 

2 

0 

75 

9 

2 

100 

23 

8 

26 

40 

3 

1 

75 

15 

4 

100 

29 

18 
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TABLE  XXVII 


COMFAEATIVE  SHEAR  VALUES  OBTAINED'  ON  FOOD 
BLOCKS  OF  VARIOUS  DEGREES  OP  RESISTANCE  TO  BITE 


Shear  Strength  Values 

_ (lb-) 


Food  Block 

Resistance  to  Biting 
Off  and  Chewing 

How  Ob¬ 
tained 

Indi¬ 

vidual 

Values 

Avg. 

Small  basic  formula 

Soft  and  rubbery; 

On  indi¬ 

5.9. 

block;  made  with 

very  easy  to  chew 

vidual 

7.6  - 

7.3 

milk-dusted  bacon. 

blocks 

8.4 

Dense. 

Small  basic  forroula 

Very  soft 

On  indi¬ 

2.5 

block;  milk-dusted 

vidual 

4.0 

3.3 

bacon.  Loosely- 

blocks 

3.4 

compacted* 

Small  basic  formula 

Fairly  soft 

On  indi¬ 

6.3 

block.  Milk-dusted 

vidual 

2.8 

5.0 

bacon.  Medium  - 

blocks 

5.9 

dense. 

Small  block  made 

Fairly  brittle;  but 

On  indi¬ 

19.5 

from  crackers . 

easily  chewed 

vidual 

14.0 

17.6 

blocks 

19.5 

Small  peanut -rice 

Too  hard  to  bite 

On  indi¬ 

35.8 

block;  formula  D-1. 

vidual 

36.2 

Oo  p  W 

blocks 

Small  defatted 

Old  sample;  very  hard 

On  indi¬ 

38.2 

peanut -milk  block; 

vidual 

32.4 

w  O  0 

formula  D-3. 

blocks 
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TABLE  XXVII  (Continued) 


Shear  Strength  Values 
_ (lb.) 


Resistance  to  Biting 

How  Ob¬ 

Indi¬ 

vidual 

Food  Block 

Off  and  Chewing 

tained 

Values 

Dog  biscuits  -  "milk 

Very  hard.  Can  be 

Individual 

28.0 

bone"  for  medium 

bitten  off  and  chewed 

biscuits, 

28.5 

dogs .  National- 

only  with  great  diffi- 

sheared  in  28.9 

Biscuit  Co.  Approx. 

culty.  These  are  about  middle. 

27,6 

1/2"  X  3/4"  cross 

as  hard  a  block  as 

23.8 

section  at  center. 

teeth  can  handle. 

22.5 

32.6 

19.4 

20,3 

Raw  turnip,  sliced 

Slightly  harder  than  an 

Through 

9.0 

lengthwise  into 

uncooked  apple. 

single 

19.6 

1/2"  X  1-1/4" 

section. 

13.2 

sections. 

first 

turnip 

Through 

12.9 

single 

section, 

first 

turnip 

12.4 

Through 

13.1 

single 

11.3 

section. 

12.2 

second 

11.2 

turnip 

Through 

15.7 

single 

13.8 

section. 

13.6 

second 

turnip 


Avg. 


25.7 


13,9 


12.7 


12.0 


14.4 


TABLE  XXVII  (Concluded) 


Shear  Strength  Values 
_ (lb.) 


Indi¬ 

Resistance  to  Biting 

How  Ob¬ 

vidual 

Food  Block 

Off  and  Chewing 

tained 

Values 

Avg. 

Raw  potato  (Kaw 

A  little  harder 

Series  of 

17.3 

Valley  Cobbler)^ 

than  turnip 

sections 

14.9 

.16,0 

sliced  lengthwise 

from  a 

15.8 

into  1/2"  X  1-1/4" 

single 

sections. 

potato 

18.1 

14.9 

16.5 

14.6 

14.6 

14.6 

15.2', 

15.2 

15.2 

TABtE  XXVIII 


IMPACT  BREAKING  RANGES  OBTAINED  ON  K)OD  BLOCKS 
OF  VARIOUS  DEGREES  OP  SOLIDITY 

All  Values  are  in  Inch-Pounds 


Food  Block 

Values 

Range 

Soft^  crumbly  small  basic  formula 

<4,  <6,  <3, 

2-3 

blocks  made  with  milk-dusted  bacon. 

<  3 

Dog  biscuits  -  "milk  bone"  for 

j- 

<10,  <6,  <4, 

0-2 

medium  dogs.  Impact  at  approx.  l/2 

<2,  >1,  <1, 

X  3/4  in.  center  section. 

<1,  <1,  <1, 

>1,  >1,  <1 

Turnip,  I-1/4  x  I-1/4  x  1/2  in. 

Firm  piece 

section. 

>  6,  >  8 

Soft  piece 

>  8 

>4,  <6,  <8 

Firm  piece 
>  8,  >  10,  >  10, 

<  12,  >  12,  <  12, 

4-6 

>  12 

Very  soft  piece 

10  -  > 

>4,  >6,  >8, 

<  10,  <  10 

8-10 

Potato,  I-1/4  X  I-1/4  X  1/2  in. 

<  10,  <6,  <4, 

3-4 

sections . 

>3,  <4,  >3 

<6,  >4,  <5 

4-5 

12 
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